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INTRODUCTION. 

The present research dates back to observations made in 1913, which 
showed that, in certain Punjab sugarcane varieties, there were differences in 
the canes growing in the same clump.^ These were found to be early and late 
in origin, the former being thin and long, with short joints at the base, and the 
latter thicker and shorter and commencing with much longer joints. A certain 
number of dissections had been made of the underground, branching portion 
of cane seedlings and wild Saccharums, and it was decided to commence a 
systematic study of this part of the cane plant in the field, in order clearly to 
demonstrate the true relations of the difiering canes in each clump. As addi- 
tional points of interest, referred to below, presented themselves, the series 
was greatly extended, and during the past two years a very large number of 
cane stools have been carefully studied (c/. list on pp. 99 and 100). 

For a proper understanding of the branching system of any plant, it is 
necessary to follow it from its earliest stages, and a study has accordingly 

^ Barber, C- A. Studies in Indian Sugarcanes, No. 1 ; Punjab canes, Mem. Dep. Agri., 
Ivd., Bot. Ser., Vol. VII, No. 1, May, 1915. This Memoir will in future he referred to as 
Mem. I. A aeeond paper by the same author, Studie.s in Indian Sugarcanes, No. 2 : Sugarcane 
seedlings, etc., Vol. VIII, No. 3, in the same series, will be referred to as Mem. II, while a 
third. Studies in Indian Sugarcanes, No. 3 : ClaR.sification of Indian canes with special 
reference to Saretha and Sunnabile classes, will bf.* rufeiwd to as Mem. III. 


1 
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been made of the germination of the sugarcane seed and the sprouting of 
planted sets. 

The important t{uestion of tillering soon connected itself with the dissec- 
tion work, it being well known that, not only do the thick canes differ consider- 
ably in this respect among themselves, but. as a whole, they tiller much less 
freely than the indigenous Indian canes. Unfortunately there appear to be 
few accurate observations published on the tillering of Indian canes, and our 
own notes are far from complete. It is, however, hoped that the facta here 
presented will give a stimulus to this important side of crop investigation. 
Even in the tropical sugarcane countries, although a vast number of observa- 
tions have from time to time been made, there are few papers dealing with the 
subject from a scientific point of view, and the great bulk of the notes made 
are not available for our purpose. Spacing, which has given rise to so many 
experiments in such crops as wheat and paddy, appears to have been occasion- 
ally tried in sugarcane ; but the results are not easily obtainable, and no 
help can be got from those crops which are grown for the production of 
grain. A summary has been prepared of the literature of this part of the 
subject. 

Attention was soon arrested by the fact, stated by various observers, 
that, during the lifetime of a cane plantation, a great many deaths occur, 
so that the number of shoots in early stages greatly exceeds that found at crop 
time. These observations have been made entirely with thick canes, and doubts 
arose in our mind as to whether they were equally applicable to Indian canes, 
as the deaths were by no means obvious in the plots. A series of shoot count- 
ings once a month was accordingly instituted to throw light on the question, 
but the results of these are not yet available for publication. 

Incidentally, in the course of dissection, it was observed that different 
cane varieties showed considerable differences in their mode and degree of 
branching ; and not only was this the case with individual varieties, but 
whole groups could without difficulty be distinguished from one another in 
this respect. The degree of branching in the Indian canes was seen, as a 
whole, to differ very considerably from that in thick canes, and this led to a 
study of that of wild 8accharums, when it was found, as expected, that th§ 
Indian canes stood half way between the wild species and the thick canes of 
the tropics. A further stimulus was thus added to the work, and it was 
attempted to discover, in the branching of the cane varieties, a means of 
tracing the origin of the cultivated canes from their wild ancestors, and, among 
the Indian canes, to select such as might be considered the more primitive, 
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and thus establish a connected scries from the wild grasses to the thick canes 
of the tropics. 

Lastly, diiferences w^ere observed in tlm richness of the juice in the early 
and late canes of a plant, and these did not altogether tally with the views 
held regarding the richness of the thick and thin canes in tropical cane fields. 
The literature of the subject is punctuated by references to the relative richness 
in the juice of the “ mother cane and its branches, hut, as no dissections 
seem to have been made, it is difficult to understand how the various observers 
distinguished these two classes of canes. There is obviously great confusion 
on the subject, for one observer, after stating his opinion, admitted that the 
mother shoot need not of necessity be the original main shoot of the clump 
but was the “ thickest and best grown ” ! As will be seen, the result of our 
study is exactly the reverse, in that the main shoot is thinner and less well 
grown than its branches. This is indeed perfectly natural, when we 
consider the available equipment of leaves and roots in the young cane, as 
compared with that at the disposal of branches formed when the plant has 
grown up- 

The dissection of the canc stool is a rather intricate and laborious piece 
of work. Upon taking it out of the ground, each clump is seen to be covered 
by a dense mass of tough roots, among which the soft buds are hidden, and these 
roots have all to be carefully cut away before the nature of the branching can 
be seen. The planting material ^with us consists of sets or pieces of cane 
on which there are at least three healthy buds, and these buds, usually all of 
them, develop into larger or smaller plants, which, however, are quite separate 
and only influence one another as regards the space available for their indepen- 
dent growth. It is usually impossible to make the dissection unless these 
plants are cut opt and dealt with separately. In the list of dissections given 
on pages 99 and 100, the number of clumps and plants are therefore 
enumerated for each variety. 

The main dissecting work was done in the 1916-17 and 1917-18 seasons, 
and in each year clumps were examined at two stages of growth for entirely 
different reasons. The first was at about four months, for the determination of 
the rate of cane formation ; and the second at about eight months, for the study 
of the canes formed at crop time. It was soon found that, after this latter 
date, no new canes could be started in time to mature. In 1916-17 , the dissec- 
tions were largely concentrated on the Saretha and Sunnabile groups, which 
at that time had recently been separated and were being described. Six 
varieties of each of these groups were examined, and to them were added a few 
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from other groups and some thick cancs and wild Saccharums. Altogether 51 
olumpa containing 133 plants were dissected during this season. The results 
of this work, briefly alluded to in Memoir III (pp. 156-160), were so sugges- 
tive and interesting that a fuller series was projected for the 1917-18 season. 
Six varieties of each of the five classes of Indian canes were chosen ; to these 
were added six from the unclassified list, six thick cane varieties, the four 
wild Saccharums growing on the farm and six Madras seedlings, all of which 
were grown from sets. Owing to the poor growth of the thick canes, a further 
set of 24 stools were examined at the sugarcane plantation at Nellikuppam, 
these being all of the Ued Mauritius variety, which was known to grow very 
well there under crop conditions. During this season 239 clumps, consisting 
of 629 plants, were dissected. The facts observed during the previous year 
were utilized for the preparation of a definite sclieme of observations and 
measurements, the main purpose of which was the comparison of the branching 
systems of the different groups and the characters of the branches of different 
orders. In each plant dissected a diagram was prepared, in which the relative 
position of the branches was shown, and a formula was prepared, in algebraical 
form, of the constitution of the plant as far as matured canes were concerned. 
Besides this, all the canes were measured as to thickness and length of joints, 
and notes on runners, curvatures, injuries, etc., were recorded. The present 
paper seeks to extract the general principles of the branching of the sugarcane 
plant from this mass of material. 

The following are briefly the results of this study. From the four months’ 
dissections it is seen that the different varieties vary greatly in the rate of 
maturing and cane-formation, but this study is complicated by the fact that 
it was impossible to examine all the stools at the same time owing to the large 
number dissected, the time occupied in the work extending over six weeks. 
A series of tables have been prepared, from which it is not difficult to judge 
of the relative rate of maturing of the different varieties (r/. pp. 129-132a). 

From the general formulae of canes at harvest, obtained by averaging 
the dissections of all the plants of a variety, it is seen that the branching in 
the various groups, from the wild Saccharums to the thick tropical canes, 
is of the same nature, but of very different degree (c/. p. 116). Taking a to 
represent the main shoot, h its branches, c branches of h, that is of the second 
order, and so on, we get a series of formulae of the canes at crop time, varying 
from a + m6 + c in the thick canes, to g + m6 -f nc + me -h/ in the wild 
SacchariMns, and the different groups of Indian canes can be arranged in a 
series between these two extremes. It is hoped that a study of these formulae 
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w^ill throw some light on the stage of development of each group from its 
supposed wild ancestor. 

The differences in form and size between the branches of different orders 
in the same plant have been carefully studied. Each cane has been measured 
as to the length of the basal, branching portion before it has assumed its full 
thickness, the thickness at two feet from the base, the average length of the 
joints in these two feet, the presence of curvature and runners, and so on. 

In all of these characters we find, as might have been expected, that there is a 
tardier development in the first shoot, and that this development increases in 
rapidity as the branches of the higher orders are reached. The general trend 
is for the branches of higher orders to be thicker, to have longer joints, and to 
show greater curvature. The main shoot has a longer basal, preparatory 
portion than its branches, but, when we pass to the other orders, the presence of 
basal curvatures, needed to place them in a position for upright growth, again 
increases the region of short joints at the base, for it is the general rule that a 
branch does not assume its full form until it is in a position to grow onward 
unimpeded. These details are all arranged in tabular form for the variety or 
group in the body of the Memoir (c/. Part III, Sections 4-6). In Memoir III, 
an example was given showing some of these characters, which was illustra- 
ted by plates, Here I add a more striking instance, namely, that of an ordinary 
plant of Sacckarum arandinacemn (Pis. I and H), a species marked by its 
upright habit and symmetrical development, just as Sacchanm s'pontanemn 
is by its intricate spreading growth. The diagram and detailed table of 
measurements are added, to give some idea of the character of the work done 
in each dissection undertaken. Eor further results, the reader is referred to 
the body of the work, as it is impossible adequately to summarize them 
without undue repetition. 

The characters of the branches of different orders are seen to be so definite 
that, when a field is cut, we can without difficulty separate the canes at the 
mill into early and late. There is a good deal of similarity sometimes between 
the as and 6s, especially when the latter become facultative (frs, but the change 
from 6s to cs and is sufficiently striking to render their distinction generally 
very easy. This opens up a new line of work, in that it becomes possible 
to analyse these branches separately and to settle the question of their relative 
richness of juice and other qualities at the znill. Most of the \York has, it is 
true, been conducted with Indian caues, and in one particular locality, but it 
seems unlikely that the thick canes will not fall into line, considering the general 
similarity of their branching system to that of Indian ones. 
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In the laborious work of dissection I desire to acknowledge my indebted 
ness to various members of my stafi. At first all tfie dissections were done by 
myself, but I soon found that I was unable to cope with it, and interested 
my Assistant, M. E. Ry. T. S. Venkataraman, in the work and, later on, my 
second Botanical Assistant, M. R. Ry, U. Vittal Rao. With their help, I 
then trained two fieldmen, and the great mass of the later dissections were 
done by the latter under my personal supervision. In the first year, Fieldman 
G. V. James and, in the second, R. Rangaswami Pillai w^ere engaged for months 
in the work, and I am greatly indebted to these officers for their care and 
intelligence. The selection in the field was entrusted to Fieldman R. Thomas, 
who had charge of rough cleaning and sending to the laboratory. The prepara- 
tion of diagrams was mostly done by myself but, towards the end, here also I 
was able to leave it to Rangaswami Pillai. Several months were devoted 
to the work each year and, in 1917-18, it was found necessary to place three 
workers under the latter officer, who developed extraordinary neatness in his 
preparations. He was in entire charge of the work done on Red Mauritius 
canes at Nellikuppam. The shoot counting was under the direction of M. R. 
Ry. Venkataraman and chiefly done by R. Thomas and Plant Collector Abdul 
Sathar. 

Measaremenis of Saccharain arujidinaceuni II 2, 1917-18. 

(Extracted from the office tiles.) 

Note. The development is fair, but not so mathematically arranged 
as in I 1. 

Buds long, flat; hairy, scale like and not like the shooting buds of other 
varieties. 

Formula. Canes at harvest : a f 66 + 11c -f 4e, 

Length of joints in tJm first 2' and thickness at 2' from the base. The first 
figure before the -p is the length of the basal, preparatory portion of the cane, 
and consists of many short joints, (c, meaning curve, is inserted after the 
curve has finished.) 




Av. length 

Av. thickness 



of joint 

in mm. 

a 


2-0" 

1.54 

in 



3*r 

174 


-f Ih 2b3,%3|,4.4 

31" 

170 

¥■ 

^ 1^ . 21. 3, 31. :H, 3^ 

3*0" 

181 

in 

+ 1, 2i, 21, 2^ 3i, 3^ 34, 3y 3 

2-9’ 

174 


34 + 1?. 2, 21,24,3,31.3,3 

2‘6" 

179 
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Av. length 

Av. thickness 


of joint 

in mm. 

24 + 2i,3.34,3i3i,3,3^ 

3 1' 

196 

4 + 2 (curving round under 6^), 6^ 7, 7^ ... 

5-8^ 

242 

1| + 4i (straight from upper side of h^), 6, 7, 8' 

6*5'' 

192 

- 2i + 3i44,6i,5i ... 

4'9^ 

208 

2i+2^,3l. c5i,5i.6i,6i 

5-4" 

226 

r 2 + 1-J, si. c 5^, 6i, 155 

5-2'' 

222 

3 + 5J, 8, 8| under 

7*3^ 

(207) 

3i curve + 3, 4, 5i 64, 6^ 

5-()' 

180 

I'’ 2 81. c + 2, 5,H, 4| ... 

5-1" 

206 

243 I.C + 34 , 4 , 4 ^, 44,45 

4-2'' 

196 

2i + U,2i,25,8l.c34,5, 4i,55 

3*6' 

202 

3 + 41,6,5^,64 

5-3' 

221 

V 34 V. si. c + 3. 7, 8i, 81 

6*8’ 

232 

25 + 4^,7,84.8 

6-r 

247 

P 24 + 34,5,64,65 

5 ,3" 

255 

P 2 + 24 , si. c 34, 4, 55 , 64 

4*4' 

235 

p -25 8l. c + 5, 6^ 6, 74 

6 -r 

221 

P 3 + 44 , 64 , 6+75 

6*3" 

m 

44 (curving under c-) + 34, 64, 8, Sj 

6*5' 

223 

34 si. c + 54 . 74 . 7. 74 ... 

6-7’ 

232 

34 curve + 54» 74, 7, 64 

6*5'‘ 

246 

P 2 + 14 , curve 54 , 7, 74 ... 

5*3' 

232 


Summary of measurements of Saccharum tirtimlinaceum II 2. 

Formula of canes at harvest, « + 66+ 11c + + 4c. 

Shoots, 2c + 4c + 3/ Burst buds, Ic + 3c/ + 2e + 9/ Deaths, Ic+le. 
Average length of basal part, ct* 37", 6 2-4", c 2’7", cZ 2-7", e 3-2". 

Average length of joints in first '1\ a 2-0", h 3-0", c 5-3", d 6*0", e 6-2". 
Average thickness at 2' (mm.), a 154, b 179, c 209, d 240, e 233. 

Curving is absent in a and 6, slight in c and (/, moderately pronounced in 
c. There are no runners or injuries. 


* The short-joiated, basal part is unirsually long in a and consists of two sections, 
4- longj separated by one V' joint. The former figure only is taken here. 



PART L MORPHOLOGICAL CONSIDERATIONS. 


(1) Early stages oit seedlings and sprouted cuttings. 

Before proceeding to the description of branching in the sugarcane, it 
will be advisable to get some idea as to the various stages by which the plant, 
as we see it, is built up. For this purpose, I have put together observations 
and drawings, which, have been made at difierent times during the past five 
years, on the germination of the cane seed and the sprouting of the seta, as 
these will form a useful basis for our study. 

The seed of the sugarcane is e3d;remely minute, the average length being 
1'5 mm. and its breadth one-third of that amount. Strictly speaking, it is not 
merely a seed, but a fruit or caryopsis, for, as in all grasses, there is only one 
seed in the ovary, and its walls are fused with those of the fruit to an indistin- 
guishable mass. The embryonic plant lies obliquely across one end of the seed, 
the rest being taken up by a mass of starch-bearing cells, the endosperm, a 
reserve of food for th6 early stages of growth. On comparing the relative 
sizes of germ and endosperm, the sugarcane appears to be poorly equipped 
with the latter, as, before the young plant protrudes from the seed-coats, it 
occupies in the vertical section nearly half of the space available. Considering 
the small size of the seed itself, there is thus very little food laid by for the 
initial stages of growth before it becomes independent ; the cane seedling is 
excessively small and its growth is not nearly so rapid as the cultivated grains 
and, indeed, as the grass weeds which infest the seedling pans. The sugarcane 
in fact reminds us of the proverbial “ mustard seed in the smallness of its 
seed and the comparatively enormous size of the full grown plant. As a 
natural result of this, the seed of the sugarcane cannot be kept for long, although 
our aeries of observations, carried on for some years, show that its vitality is 
greater than previously supposed, and is not the same in all varieties (Mem. 
II, p. 127). 

The general course of development may be gathered from the accompany- 
ing figures, firstly, of microtome sections through resting and germinating seeds 
(PL III), and, secondly, of drawings made from outside (Pis. IV, V and VI). 




Minrolon 







Pl.ATE V. 



Vounsi cane seedlings. Figs. 1-4, Karan, from one inch to one foot in licigi. 
Fig. 5, germinating grass seedling. Fig. 6, young barley plant 
(copied from Percival’s Agriculiaral BotQr\y\ 
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There is little in these Plates which calls for special attentioHjas the general 
course agrees with that in grasses and has been sufficiently described in text 
books. In the cases of Karun seedlings which have been examined (Pi. V. ), there 
is an elongation of the plumule axis below the first leaf , similar to that in the 
wheat, presumably designed to place the young plant clear of its seed-coats and 
near to the surface of the ground for the purpose of tillering, and I hate repro- 
duced a drawing from Percivars Agricultural Botany to make this clearer. 
But, in the Karun seedlings, a thickish root is given of from this elongated part 
of the stem, which I have not seen figured elsewhere. The purpose of this early 
root formation appears to be obvious enough, namely, to reinforce at the earliest 
possible moment the small amount of available stored material at the disposal 
of the young plant. The radicle with its first root has, as usual, a merely 
temporary existence, or lingers for some time as a minute fibre which can have 
little efect in aiding the plant in its growth. After this preliminary arrange- 
ment of the parts of the seedling has been concluded^ the plumule develops 
its leaves in rapid succession and, near their bases, a series of thick adventitious 
roots are soon produced ; but the seed-coats, with the plug-like sucker, the 
elongated plumule axis and its first adventitious root, remain attached to the 
plant for a considerable time, as they have been detected in a Karun seedling 
already five inches above ground. Difierent stages in this development are 
given on Plates IV, V and VI. 

The leaves are formed in one plane, alternately on either side of the stem, 
and the whole young plant may thus be pressed flat with all its parts spread 
out. At a very early stage of development, a bud is formed in the axil of each 
leaf, so that the branches, as well as the leaves, all arise in the same plane. 
The formation of successive leaves, one at a time, has the effect of dividing 
the stem into a series of segments, each provided with one leaf and one bud. 
These segments are usually termed joints, and it is the practice to regard the 
joint as bearing its leaf and bud at its lower end, being thus terminated above 
and below by a leaf, and, when this has withered and fallen, by the sharp ridge 
or leaf scar which completely surrounds the stem. The region where the 
joints are separated is termed the node or knot, as it is usually more or less 
swollen, and the joint as defined above thus becomes the internode. An 
appropriate arrangement of the fibro vascular bundles within the stem has 
meantime taken place, and this can be very well seen in longitudinal sections ; 
namely, while the bundles run parallel with the length of the stem in the 
internode, they form an intricate, wefted mass at the node, and branches are 
given off to the 1 eaves and roots at this point. This arrangement of the bundles 
takes place very early in the development, and it is thus easier to demonstrate 
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the limits of the first formed joints by viewing them in a longitudinal 
section than from the outside (PI. VIII, fig. 1 c). The region of root formation 
is at the base of each joint, above the origin of the leaf, and consists of a narrow 
ring of the surface where the nascent roots may be seen as two or three rows of 
dots ; this is termed the root zone. In parts of the stem beneath the level 
of the ground these root primordia quickly grow out and, perforating the leaf 
bases, form a mass of roots which, with their branchings and root hairs, leave 
no particle of soil untapped. The first formed joints are extremely short, 
being in the form of narrow superposed discs, and the leaves borne by them are 
therefore very close together. The joints are, moreover, extremely thin at 
first, but increase in thickness upw&rds, the successive leaves and roots 
providing material for their expansion, so that, as in many Monolcotyedons, a 
longitudinal section of the stem at the base shows its form to be that of an 
inverted cone (PI. VI, fig. 1 d). The leaves, growing much more rapidly than 
the stem, increase in width at the base and encircle a larger portion of the 
circumference of the stem until their edges overlap. The further development 
of the plant proceeds on strictly simila]’ lines. The main points to be held in 
view are the upward increase in thickness of the stem, the protrusion of the 
buds from the leaf axils, the increasing number and thickness of the roots 
developed on successive joints, the continual lengthening and widening of 
the leaves, so as not only to completely encircle the stem, but also to enclose 
the younger parts in a set of enveloping sheaths, and, later on, the gradual 
lengthening of successive joints, so that the growing point is raised above the 
surface of the ground- Immediately this occurs, the stimulus of moisture and 
darkness being removed, the formation of roots falls into abeyance, but the 
root eyes can be detected in the root zone from the outside throughout the length 
of the plant. The leaf, at first purely protective and consisting of leaf base or 
leaf sheath, on emerging to the light, soon develops a small green tip, the lea^ 
blade or lamina, and this part rapidly increases in relative size until it forms 
the bulk of the leaf. But this leaf development is much more rapid than that 
of the stem, so that, when the growing point of the stem at length reaches 
the surface, the leaves have already reached a very respectable size (PL V). 
The largest seedling (fig, 4) has a leaf already a foot in length, whereas 
the stem is as yet only one-third of an inch long. 

The cane seedling four or five months old, viewed from above ground, 
usually shows a tall central shoot siirrouiided at its base by a number of smaller 
shoots emerging from the soil near it. These are the developed buds of the 
lower leaf axils. As the first joints of the stem are very close together, and 
each has its lateral branch, these shoots, being pushed out of their original plane 
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from lack of room, appear all together as an irregular circle round the main 
shoot, but careful dissection shows that they all arise from different axils on 
alternate sides of the plant (PI. VI). The growth of successive buds, how- 
ever, varies a good deal, and their size at this stage bears no sort of relation 
to the time at which they were formed at the apex of the stem. Some buds 
remain quite small during the life of the plant, whereas others grow so rapidly 
that they soon overtake or even exceed the main shoot in length. 

The branches pass through exactly the same stages as the parent stem, 
only differing from it in that they have a better start and take less time to 
develop into leafy shoots. They aie thin at the place of origin, bear closely 
packed leaves on the short congested joints, have a bud in the axil of each leaf, 
and, as the leaves increase in length and expand their blades, the stems increase 
in thickness, the successive joints become longer and the shoots as a whole 
emerge from the ground. As in the main shoot, the leaves at first grow much 
faster than the stem and, for a long time, the actual growing points of the stems 
remain below the ground, the height of the plant being judged by the length 
of the expanded leaves. This is readily explained by the fact that the growth 
of each shoot is largely dependent on the feeding pow'er of its own leaves and, 
until these are fairly large, no real progress can be made, hence their early 
protrusion and proportionately rapid early growth. The relative size of the 
main shoot and its branches, and the number of the latter vary much in the 
same batch of seedlings, all stages being observable between one strong cane, 
with or without a few small shoots at its base, and a bunch of shoots resembling 
a tuft of grass, in w^hich it is difficult to distinguish between the main stem 
and its branches (c/. Pis, XVI and XXIV of Memoir II, for illustrations 
of this). The reason for this is not clear, for seedlings thus differing in their 
early stages are often not distinguishable in their degree of branching later on. 

At a somewhat later stage, the lateral shoots, each as fully provided with 
buds as the parent stem, may also branch, giving rise to branches of the second 
degree, and this process may continue to several further degrees, this depending 
to a large extent on the parentage of the seedlings. Such shooting of the 
buds on lateral branches is not, how^ever, usual until the plant has reached a 
further stage of development, unless, indeed, one of the branches receives 
an accidental injury low down, when its place is ofteii taken by one of its 
uppermost buds. The chief points to bear in mind, concerning the branching 
of cane seedlings, are that every joint has its leaf and, protected by it, a bud, 
that both joint and bud have the power of forming independent roots if the 
necessity should arise, ajid that any of these buds may remain quiescent or 
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dormant throughout its life, or may shoot out at once or at a later stage in the 
growth of the plant as a whole. There is thus ample provision at hand for all 
the needs of the plant, whatever circumstances may arise. However severe 
the treatment above ground, there is a reserve of branches ready to be develop- 
ed below, and, if one of the branches is either accidentally or purposely cut 
off, its place is taken by the emergence of one of its buds ; and, if such a cut 
branch is placed in the ground, it is capable of sending out its roots under the 
stimulus of moisture and darkness, protruding its buds and developing into 
an independent plant. 

Advantage has been taken of these facts in the planting of the sugarcane 
in the field. Cultivated sugarcane is propagated from cut pieces of the stem 
and is always likely to be. Seedlings, although undoubtedly a much cheaper 
form of reproduction, do not inherit the good qualities of their parents uniform- 
ly, and many of them, even of the best parentage, are quite worthless from the 
sugar producing point of view. Although extremely easily reared in many 
cases, they require more individual attention than is justified under crop 
conditions, and they take longer to mature. While in South India, canes 
grown from cuttings take, on the average, twelve months to mature, seedlings 
only become full grown when they are about eighteen months old. Besides 
this, there are many good kinds which do not produce seed at all, either because 
of infertility or the total absence of flowering. In vegetative reproduction 
the good qualities of the variety are rigidly handed down from generation to 
generation, although there appears to be a gradual diminution in vigour as 
the years pass. 

The vegetative method of reproduction is rendered easy, as explained 
above, in that each joint is furnished with its bud and a number of root primor- 
dia, and both of these require little stimulus to grow out. The condition of, 
the bud may be compared with that of the germ in the seed, in that it is placed 
in immediate connection with a mass of readily assimilable nutriment in the 
joint to which it belongs. It is, however, much more fully developed than the 
germ, and it takes little time, under suitable conditions of moisture and 
warmth, for it to produce a mass of roots and leaves. The development of 
this bud need not detain us here. It is practically identical with that of the 
shoots desciibed above, being merely a branch of the plant of a higher order. 
A series of stages are shown in Plates VII and VIII. . 

In planting, the whole cane is sometimes laid in a furrow, lightly covered 
with earth and watered ; in many places, only the upper, immature parts 
of the cane are used and these, called “ tops,’’ are placed slanting in the ground ; 
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but in India, as a rule, the whole cane is cut up into pieces called “ sets,” each 
of which has a definite number of joints with healthy living buds. Almost 
all canes germinate readily from sets, and, in India, they seem to produce 
healthier and stronger plants than the tops ; but cases have been met with, 
as in Seema of the Godavari District, where sets are generally infertile and 
tops have to be used.^ The sets in South India usually contain three joints ; 
germination takes place more rapidly than in North India, and, if the field has 
not sprouted within a week or ten days, it is customary to plant again. In 
North India the climate at the time of planting is very cold and, not infrequent- 
ly, a month elapses before the shoots appear above ground. 

When , in a warm climate, the sets are placed horizontally in shallow trenches 
and watered, they at once send forth roots and the buds burst. Although, 
possibly, in ideal planting, it would be best to place the sets so that the bud 
plane lies parallel with the surface, this is not generally attended to nor essen- 
tial, for the shoots are negatively geotropic and quickly fmd their way round 
the set to the surface of the ground. ^ The root eyes protrude and form a 
circlet of fibres round the set, those beneath growing much more strong] v 
than those facing upwards, and these roots supply the stream of water which 
washes the nutriment stored in the joint to the developing bud. But very 
soon the lower joints of the new shoot form their own roots — thicker, whiter, 
and longer. When this occurs the shoot forms a new, independent plant, 
and the decayed joint from which it has arisen is left behind much as the cast 
off seed- coats in a germinated seedling. Connection with the plants developed 
from the other buds in the same set is thus entirely severed. Lateral branching 
takes place very early in the young plant, and these branches also produce 
their own roots, and, in a couple of months, the set plant has attained to the 
size and form of the six months seedling, and is growing much more rapidly. 

The canes of different ages in the same clump are sometimes very different. 
This has been already noted in the remarks on early and late canes. But 
this difference is much greater in seedlings than in canes grown from cuttings. 


^ Ba,rber, C. Sclent ific Report of the Samalkota Agricultural Station for the year 
ending 31st March, 1900, Bulleiin of Madras Agricultural Department, 1907, p. 24. 

® Since writing the above our attention has been drawn to the following. Kulkarni, in 
Dharwar, has made a serio.s of experiments in planting .sets, each with one bud only, and the 
sot placed so that this bud is upward. He only allowed the mother shoot to grow atul its 
branches were carefully removed. He claims that, by this means, .sprouting takes place one 
week earlier, all the canes ripen togetlicr and a larger number are obtainwl per aero. 
(Kulkarni, M. L. Experiment.^ in planting sugarcane sets with single eye-buds, etc. Agr. Jvl., 
Jnd,, Special Science Congress Number, 1918.) 

See also p. 102 and Plato VIJ, fig. 1 of this Meni(>ir. 
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It. is true that all the canes seem to be similar in some cases, but in others it 
is not \musual to note thin, yellow, sprawling canes developed first, these 
succeeded by redd'sh tinged slanting canes, while the latest formed are thick 
and dark purple ; and all sorts of such colour variations may be detected, 
as well as variations in thickness and erectness. AVe do not as yet know 
\vhether this variability is handed on to the next generation, when the 
seedling is grown vegetatively, or whether only one of the forms of cane noted 
is characteristic of the future crop cane, but experiments are being conducted 
to determine this point, which is of considerable moment for the proper 
selection of seedlings. 


(2) Periods of growth. 

The great bulk of the Order Gramineae consists of grasses, and it will be 
of interest briefly to consider their mode of branching, in order to see in what 
respects the sugarcane resembles them— for the sugarcane has often been 
described as a gigantic grass. There are two w^ell marked phases of develop- 
ment in grasses, the first, in which the plant remains low and adds shoot to 
shoot until a dense bush is formed, in which the shoots are often inextricably 
intertwined and point in all directions; and, the second, in which the ends of 
certain of these branches become erect, rapidly increase in length and proceed 
to form the spikes of ftow-ers and ears of grain. In the first stage the energy 
of the plant is devoted to multiplying its number of shoots, chiefly by the 
branching of the underground portion ; iu the second, branching ceases 
and the energy is diverted to pushing the branches high into the air and the 
formation of flowers where they can be readily fertilized, and seed where it 
can be scattered abroad. 

In the sugarcane this division into periods of growth is to a certain extent 
hidden, in that, both in seedlings and set plants, each shoot, as soon as it is 
formed, pushes into the air and grows steadily upwards to form the aerial stem 
or cane. Flow^ering is a matter of secondary importance, and has largely 
fallen into desuetude from long propagation by the vegetative method. This 
is especially so in North India, where flowering is rare, but, in the Peninsula, 
as in most tropical countries, flowering takes place regularly towards the close 
of the growing season, and the fields then present a mass of feathery plumes 
over the whole area (c/. PI. V, Memoir II). It may be noted, in passing, that 
the time of flowering does not coincide with that of reaping the crop, as these 
two periods are induced by very different climatic conditions. Flowering 
occurs at Coimbatore during the period of greatest rainfall in October and 
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yovoiiiber, and indeed aeeins to be greatly influenced in its profusion by the 
amount of rain falling during the year, while the cane is harvested when the 
juice is richest, and this occurs in February and March, after the cold season, 
when the air becomes hot and dry. 

The formation of new shoots at the base of the cane plant proceeds during 
the whole of the growing period, but there is no doubt that it is much more 
active at the commencement of growth, for the rapid formation of canes is not 
really taken up until the plant is six or seven months old (c/ p. 108). And this 
separation of the branching and lengthening periods of the plant is in certain 
oases emphasized by local conditions of growth. In Houth India the sets are 
planted at the commencement of the hot, dry weather, when the harvest is 
reaped, sugarcane being everywhere an irrigated crop. In the Godavari Dis- 
trict, the young plants, after growing for a few months, receive a severe check, 
in that the irrigation channels are closed every year in May for cleaning, and, 
for some six weeks, irrigation is in abeyance, and the plants depend on such 
scanty showers as fall at this time. During this period, the branching of the 
underground parts goes on steadily, although little is added to the height of 
the plants. In fact the plants often appear to grow shorter, in that they are 
attacked by shoot -borer and many of the shoots are destroyed. But the ryot 
views the matter with equanimity, because he kiiows that this pest merely 
causes the lateral branches to be developed in larger numbers, and he asserts 
that he gets a better stand of canes Avhen there is an attack of moth borer. 
It is probably of no great disadvantage for the shoots to be checked when there 
is no Water to continue their growth ; but cases are also met with where whole 
fields are destroyed by the pest, or ugly gaps are seen in the plantations. The 
branching period is lengthened and made more pronounced in this case which, 
in some respects, is analogous to winter-sown wheat in Europe. 

A similar lengthening of the branching period is to be noted as the result 
of certain diseases of the cane. In the neighbourhood of Coimbatore, where 
many of the wells contain brackish water, sometimes the plants, especially 
ratoons, never reach the cane-forming period, but continue throughout the 
season to develop new shoots with narrow leaves, which do not grow in length 
but branch again, until, at crop time, nothing is seen but a luimber of low, 
dense, grassy bushes. A case was met with by the author on nev , rough 
land, near the emergence of the Amravati river from the hills, 'vshere, in a 
couple of acres fourteen months old, only a few canes were observable, and the 
field closely resembled one of Guinea grass. It is needless to point out the 
similarity of this growth to that induced by sereh in Java and certain diseased 
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clumps observed years ago in Barbados, where all the buds and roots of the 
short canes shoot out, till a dense mass of grassy leaves is produced in place 
of a few tall healthy canes. (For an example of this kind of growth, see 
PI. XII, fig. 1.) 

Another feature in the branching of grasses may be noted here. It is 
usual to divide them, according to their mode of growth, into tufted grasses and 
sod-formers. In the latter, underground branching assumes an intense form, 
each bud piercing the base of its enveloping leaf sheath, and again branching 
itself, until, with the masses of roots formed at the bases of the joints, the soil 
is permeated so thoroughly that it can be cut into coherent slabs, as in lawns 
and permanent pastures. The individual plants are closely interlocked and it 
becomes very difficult to dissect them out without injury. The main feature 
in these grasses is the great development of underground runners or stolons, 
the ends of wffiich emerge and bear tufts of leaves for the purpose of nutrition, 
while their place is taken by buds near the upward bend, and the underground 
part is thus formed of a mass of sympodia. Flowering takes place at a certain 
season, but this does not interfere with the underground branching. In the 
tufted grasses, on the other hand, after a limited period of underground 
branching, a number of erect shoots are formed which in due course proceed to 
the formation of flowers and grain. The buds in this case do not pierce the 
bases of the enclosing leaf sheaths, but grow up inside them, emerging wffiere 
the sheath joins the lamina, only splitting the leaf sheath by their increase in 
thickness. The individual plants are easily separable, do not interlock, and 
each forms a more or less distinct tuft {cf. Percival , Agricultural Botany). 

It is at once obvious that the sugarcane belongs to the latter class, as 
do the usual cultivated cereals. This also applies to the wild Saccharums, 
Mwnja, Narenga, arandinaceum and spontaneum, grown on the Cane-breeding 
Station, The two former are typical tufted grasses, no cane is formed and the 
flowering shoots are ephemeral structures, drying up after the seed is ripened. 
In Saccharum arundinaceum and Sacchanim sjjonlaneu7n, solid canes are formed. 
Saccharum spontaneumj although undoubtedly a tufted form, produces long 
underground shoots which emerge at intervals and thus spread the plant over a 
considerable area. It is difficult in growing this species, either from seed or 
from sets, to confine it to its bed, and the neighbouring paths are soon invaded. 
We may thus imagine an approach to the sod-former here. The nearest 
approach to sod-formation in Saccharum spontaneum which we have observed 
is on the banks of the Irrawaddy, where sandbanks are protected from being 
washed away by an interlacing mass of roots and runners, which forma a 
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solid cap a foot in thickness. The formation of underground runners is 
occasionally met with in cultivated canes. It is commonest in the Saretha 
group, the most primitive class of indigenous Indian canes, and, apparently, 
the nearest in descent to the wild Saccharum sjiontaneum. In other classes, 
runners are usually only formed where space is needed for the free development 
of a large number of cane stems. Thus we meet with them most frequently 
in the Mungo and Pansahi groups which are characterized by much branching. 
In these cases long, thin joints are intercalated between the normal short 
thick ones of commencing shoots, and in the dissections these are always 
noted (c/, also pp. 104 and 112). 

(3) The branching of the cane above ground and abnormal 

BUD FORMATION. 

Branching of the cane plant below^ ground is a well marked feature in all 
varieties. Above ground, in the light and in the absence of the stimulus of 
moisture, the buds usually remain inactive during the period of maximum 
growth. But the shooting of aerial buds is by no means uncommon, and is of 
some disadvantage from the crop point of view. It has been noted that some 
varieties, such, for instance, as B. 20S, shoot more readily than others ; but 
there are a number of circumstances which render all canes more or less liable 
to this defect. Any injury to a growing cane will tend to cause the buds below 
the injured place to shoot out because of the damming up of the current of 
water and nutrition. This is often seen where stem borer is at work. The 
joints immediately above the attack are shorter and thinner than the average, 
and large shoots are often observed coming from the nodes below the borer 
hole. Canes which have lodged or fallen wnll frequently develop a mass of 
shoots all along the prostrate part ; over-ripe canes and such as have flowered 
usually form a mass of shoots in the upper part if allowed to continue growing ; 
lastly, the local climate has a very distinct influence in the matter. Thus, 
when the same canes are grown at Pusa and at Coimbatore, they behave very 
differently as regards shooting. At Coimbatore, which is in a semi-arid region, 
shooting of the canes is very rare ; while at Pusa, with its abundant supply of 
subsoil water, approaching the surface in the rains, a great mass of green is 
sometimes seen all the way up the stem, even in erect canes, long before the 
reaping season. This shooting of the buds is generally correlated vnth a 
more or less active protrusion of the root eyes. In places where there is a 
marked diference in the humidity and temperature at different periods of 
the cane’s growth, this difference is often permanently marked on the different 
joints of the cane stem. Thus, at Rajah ahi in !N^orth Bengal, it is easy at 
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crop time, to determine what joints had been formed during the hot, dry 
summer months, and at what stages the rains attained their maximum and 
ceased to flood the ground. The rooting and shooting of the canes in damp 
climates is often avoided by trashing, or pulling ofl the adherent but dying 
leaves, and it would be worth while considering the desirability of trashing 
canes in North India during the rains, in places where these defects are most 
marked. 

Besides the normal branching of the cane, due to the protrusion of the 
ordinary buds on the joints, cases of abnormality are not infrequently met 
with, caused by irregularity in the bud development. Here and there canes 
have been met with where the joints have been altogether devoid of buds, 
and KagJize has been marked in the Coimbatore collection as especially liable 
to this deformity. Here obviously no branching can take place. In others, 
double or triple buds have been met with in place of the single bud, and in the 
usual position. Where double buds occur, they are not infrequently the 
prelude to a dichotomous splitting of the cane into two equal halves, each 
then proceeding to grow normally. On passing down the stem, such double 
buds are seen to be preceded by buds of abnormal width, accompanied by a 
flattening of the stem (PL IX) . Such cases have been very clearly described 
by Jeswiet,^ and need not be further dealt with here. Among the cases of 
triple buds, one was noted as being extremely regular in its development, 
and it was preserved because of its interesting nature. Alter four years of 
reproduction the same abnormality can be seen, showing that it is a heredit- 
able character of the seedling when propagated by cuttings. 

But the moat striking and frequent case of abnormal bud formation is 
when they are irregularly produced in difierent parts of the stem without any 
regard to the usual position. They are often met with in the root zone, for 
here there is, more or less permanently, meriatematic tissue, but they may 
also appear at almost any part of the joint. They may arise direct from the 
outer layers of the stem, but more usually they are preceded by the formation 
of an irregular mass of callus, over which the buds are distributed unevenly, 
varying from mere pin points of tissue to fully formed buds with scaly leaves. 
Curious monstrous forms are thus produced, some of which have been selected 
for illustration on Plates X and XI. They would appear to be commoner 
on seedlings of certain parentage, although they have been found sporadically 


^ Jeawiet, J. Bescbrijving der soorten van het suikerriet. Erste bljlage. Morphologie 
vftu het soikerriet. Archiefy, d. Suiherind^ in Ned, Ind., Maart, 1916. 
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and it was preserved because of its interesting nature. After four years of 
reproduction the same abnorraaiity can be seen, showing that it is a heredit- 
able character of the seedling when propagated by cuttings. 

But the most striking and frequent case of abnormal bud formation is 
when they are irregularly produced in diferent parts of the stem uathout any 
regard to the usual position. They are often met with in the root zone, for 
here there is, )nore or less permanently, meristematic tisane, but they may 
also appfear at almost any part of the joint. Tliey may arise direct from the 
outer layers of the stem', but more usually they are preceded by the formation 
of an irregular mass of callus, over which the buds are distributed unevenly, 
varying from mere pin points of tissue to fully formed buds with scaly leaves. 
Curious monstrous forma are thus produced, some of which have been selected 
for iilustration on Plates X and XI. They would appear to be commoner 
on seedlings of certain parentage, although they have been found sporadically 

J. Beschrtiving dw «><>rt^4^ ^ Bate bijUg^. Motpboio^e 

van bet aniharriet, d, in Ntd, Maart, l6ia. 









PLATE XI. 







Fiff. 1, Grass-lilce cane plant, caused hy abnormal shooting of all the buds. T 
in form to plants attacked by various diseases, including Sereh. 
Fig. 2, Canes suffering from " cuts 





Explanation of Plats Xlll. 


** CutB ai^ holes scnaaetiiiiefl with calhis formatiaa. There is a marked 
toadency for the cats to be formed io the groove above the bod. In nla^y 
cases there is an upward c^linoatioii ol ^ bud* above the ciit> and this 
cootinaation is closely adpceaeed to groove and fused to it for some distance 
{df, 2, 7 and 8). Callus is being fanned is 1 and 6 above the cut, and, is 
figp. 2 and 5, above a borer hole. In the latter case, an adventitknis bud with 
roots is developing. 

Fig. 9 ^owB the ' oocunenoe of cuts, in a simple form, on the stem of 
Saeeihartm aptmtamum. 

10-15 exhibit the tesdeney forr hc^es to be formed in the growth ring, 
mad ig. 15 shows that this is commcm <m the outer sides of curved 


canes. 
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in almost all the plots, thus conveying the suggestion that the formation of 
cane plants from seed is no longer governed by the strict rules applicable to 
seed-bearing plants. In 1917-18 the Kkelia plot of seedlings was thus marked 
out as containing numerous examples of this deformity. The cases thus far 
mentioned do not seem to have their origin in any injury to the cane t^issues, 
but, in other cases, the callus results from the hole of a stem borer, the 
breaking of a cane, or the curious '' cuts ” above the bud in the groove, to 
which attention was drawn in the J outikiI of HcTcdity of February 1916. These 
cuts have been found in many of our seedlings and cane varieties on the farm, 
and appear not to be the result of any insect or other attack, but on differences 
in tension of the superficial layers of the stem. They have been found also 
in seedlings of Saccharum spontaneum in some quantity, and various cases have 
been drawn at intervals during the past five years. Some of these may be seen 
on Plates XII and XIIL A large number of other abnormalities have been 
noted in the seedlings and varieties grown on the station, and the study of 
these would undoubtedly prove of interest from the morphological point of 
view. 



PART II. TILLERING. 


(1) In seedlings. 

The tillering or branching of the cane differs considerably according to 
the variety, and, as the ultimate crop of canes produced is obviously influenced 
by this character, it is of some importance. Scattered through the literature 
of the sugarcane, there are to be found many countings of shoots at various 
stages of growth, as well as the numbers of canes reaped at harvest, and among 
the records on estates a far greater number probably exist. From these obser- 
vations the tillering powers of the various canes under cultivation in different 
circumstances have been fairly accurately determined- But, when we attempt 
to draw conclusions from this material, we see that the subject has rarely been 
treated from a scientific point of view, and in almost every case there is an 
absence of the careful consideration of external factors which might be expected 
to have influence. AVe still wait for an exhaustive treatment of the subject 
with scientific safeguards. The present paper may be regarded as, in some 
sort, preparatory to such work being undertaken. 

It will be well, in the first place, to consider exactly what the term implies* 
Tiller is an old English word allied to the ielgor of the Anglo-Saxon, meaning 
a plant or shoot, and akin to the Dutch telen, to breed. At present it is, 
properly speaking, confined to the mode of branching characteristic of grasses. 
This consists in the multiplication of shoots, in the young plants, from the 
lower, short jointed portion of the stem, immediately below the surface of 
the ground. As we have noted elsewhere, this branching is the main work 
of the plant during its earlier period of growth. If the seed is sown too deep, 
one or more elongated internodes bring it to the surface, and then the joints 
become short and congested and branching commences (PL V, fig. 6). 
Shoots are not only given off by the main stem, but its branches may in their 
turn give off shoots, until a large number are produced. Branching in the 
upper, aerial part of the plant is less developed, occurs at a later period of 
growth and has nothing to do with tillering (c/. Percival, Agricultural Botany, 
where the matter is somewhat fully dealt with). 

The factors influencing the amount of tillering in any plant are both 
inherent and external. Different species and varieties, as well as the seedlings 
raised in batches from the same parents, differ enormously in this character ; 
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but this difiereiice is often cloaked by a number of surrounding circumstances, 
all of which seem to be translatable into the amount of food available, and of 
these, space, light, water, soil, and manure appear to be the most important. 

We have followed the early stages of the sugarcane seedling somewhat 
carefully in a previous section, and it is at once evident that this mode of 
branching is present in it, and, therefore, that true tillering occurs in the 
sugarcane. We usually judge of the vigour of the cane seedlings grown at the 
Cane-breeding Station, by counting the numbers of canes and shoots at harvest 
time, and we thus have a certain amount of information as to the tillering 
capacity of the progeny of different parents, and the accompanying table 
gives a summary of these details. While examining the figures in this table, 
it will be well to note the spacing and rainfall for each year : 

1911- 13. Botanic Garden : plants 6' apart, in pits measuring 3' each way, 

filled with soil and manure : 1,200 per acre : rainfall 31-23." 

1912“14:. Cane-breeding Station : fields 7, 8 and 9, sandy loam, but insuffi- 
ciently prepared : 6' apart, in pits measuring 2' each way : 1,200 
per acre ; rainfall 21 ‘08". In this and the following cases the pits 
or trenches filled with prepared soil. 

19113-15. Fields 10 and 11, clayey loam : 5' apart, in pits measuring 2' each 
way : 1,740 per acre : rainfall 36 '49" : canes counted at 14 months. 

191^16. Fields 15 and 16 and parts of 12 and 13, clayey loam : X 5 apart, 
in pits measuring 1^' each way ; 1,740 per acre : rainfall 23*03". 

1915- 17. Fields 17-20, clayey loam : planted in trenches the plants 

4'X5' apart : 1,921 per acre : rainfall 24' 97". 

1916- 18. Fields 10 and 11, clayey h^am : trenches C X Ij', the plants 

4' X 2f' apart : 3,760 per acre : rainfall 19*31". 

The 1911-13 plants were treated exceptionally well in their large pits 
of prepared earth, and the rainfall was good : the pits were smaller for the 

1912- 14 seedlings and the rainfall was meagre : the 1913-15 plants had the 
benefit of heavy, well distributed rain, but the rainfall for the 1914-16 plants 
was again meagre : in 1915-17 there was fair rain and the plants were 1,921 
to the acre ; but in 1916-18 a marked drought occurred and the plants were 
nearly twice as close together. Taking the size of the pits or trenches filled 
with prepared earth together with the spacing, we see a continual narrowing 
of the limits of good soil in successive years. The rainfall v^as excessive in 
1911-13 and 1913-15, extremely meagre in 1912-14 and 1916-18. In 191^15 
the cane comiting was done later than usual. 
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TiUering of seedlings in successive years in the Cane-breeding Station, 
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1914-16 

4 

963 

146 

One (241) 12, the 







rest 15-16 



1915-17 

9 

521 

135 

One (72) 9, the rest 

Afauri^iuj 55 seedlings 





12-17 

(72) averaged 9 canes, 
Naga B (54) averaged 








17 


1916-18 

1 

50 

10-0 


J. ^47, a good tillering 






variety 

Rogues among 
thick cane seed- 

1911-13 

3 

11 

69-2 

40-92 

Poovan, Namam, Kalu- 
dai Boothan 

lings 

1912 14 

2 

0 

97o 

55-140 

Karun 55, B. W8 140 


1913-15 

2 

3 

883 

45-110 

Karun 1 10, B, m 45 


1914-16 

2 

17 

56*1 

56-60 

Aihy and 





Mauritius 


1915-17 

6 

11 

466 

18-85 



1916-18 

7 

8 

300 

24-44 

Cheni alone 48 

Cheni 44, Sareiha (with 

Indigenous canes... 

1911- 13 

1912- 14 

1 

3 

19 

145 

IS'O 

428 

41-44 




shoots 52} 45 


1914-16 

3 

108 

366 

34-40 

Cheni 35, Sai'eiha 40, 
Pansahi 34 


1915-17 

1 

100 

210 


Khelia alone 21 


1916-18 

4 

304 

18-5 

17-21 

Pansahi 18, Khelia 21 

CroBBes, thick canes 

1913-15 

3 

158 

14*6 

14-15 


by thick 

1916-18 

1 

132 

7 0 


Vdlai X J, t47^ a good 




tillering variety 

Crosses, thick canes 

1913-15 

3 

54 

22-0 

18-24 


by thin 

1916-17 

2 

127 

20*4 

20-'n 

These are general collec- 





tions from Kaludai 
Booihan and CAt^^an. 
The register says 
“probably crosses 
with Kaaruil seed- 
lings," hence probably 
a mixture of crosses 
and aelfa 








1916-18 

9 

956 

12-8 

10-15 

J. SIS selfed and iin- 
bagged croasea with 
thin canes : probably 

Crosses, thick X , 
thin [J, ilSU by 
thin 

1916-18 

3 

441 

17 9 

17-19 


( 




a mixture of solfed 
seedlings and crosses 


Crosses, thick by 
l^ccharum Na 

1913-15 

1 

91 

29 0 


Vdlai X SaccHarum 
yarenga^ a not very 
bushy form 

Tsngu 

Crosses, thin by 
Sofickarum tpon i 
tan&um 

1912-14 

1 

62 

81*0 


Saretha x Saccharum 
spontaneum, both 
parents very bushy 
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Wliere comparisons are obtainable, tbe rainfall of 191^15 appears to have 
made itself felt, and possibly tbe high rate of tillering of tbe Karun seedlings 
may have been partly influenced by it. Tbe converse may be tbe case in 
1916-18, a year of badly distributed and meagre rainfall. But tbe crop is 
plentifully irrigated and tbe influence of rainfall on tbe tillering is perhaps 
more apparent than real. The quantity of prepared earth and the spacing 
are much more likely to aflect the tillering of the canes. This is quite obvious 
in the jumps from 1915-17 to 1916-18, but less so before that time. In the 
thick cane seedlings, indeed, there is little diflerence (15-13), but, where thin 
canes enter as parents, in part or whole, the decline in tillering is more marked, 
as it is also in the very aberrant rogues, formed among the thick cane seedlings. 
Kogues, 69, 97, 88, 56, 1:7, 30 : thin canes, 48, 43, 37, 21, 18 : Cheni 1911-13 (48), 
1912-14 (44), 1914-16 (35), and so on. We are justified in concluding that tbe 
thick canes have been little inconvenienced by the narrowing of their limits 
in the field, owing possibly to the sparse nature of their branching ; tbe thin 
canes, however, with their greater tillering power, have become considerably 
hampered in their development in the successive restrictions, in spite of the 
general improvement of the land since the farm was opened. 

We can also sec from the table that a study of the numbers of canes 
produced at crop time places in our hands a useful means of detecting whether 
an attempted cross between a thick and thin cane has succeeded, and we have 
become accustomed to use this character whenever in doubt on the subject 
(c/. Bemarks on thick and thin canes in 1915-17 in the table). There is, 
generally, a constant increase in the numbers of canes as we proceed from 
pure blooded thick canes, through crosses between thick and thin, .to such as 
have more thin than thick parentage and, finally, to such as have Saccharum 
spontamum added. 

(2) In cultivated canes. 

With regard to the ordinary cane varieties planted from sets, it is well 
known that they differ a good deal in their amount of tillering. Thus the 
indigenous Indian canes tiller much more freely than the thicker canes of the 
tropics. This is the common experience of the Cane-breeding Station and, 
what is more, the descendants of these two classes of cane varieties inherit 
their parents* characters in this respect. Details regarding the Indian canes 
are few and far between. Practically the only comparative statement we 
have come across is one regarding canes grown at Sahour in Bihar.^ In 

^ Wocdhouse, Basu and Taylor. The distinguishing characters of sugarcanes cultivated 
at Sabour, Mem. Dep. Agn.^ Ivd., Bot, 5er., Vol. VII, No. 2, April, 1915. 
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this^ statement it is seen that the average number of canes per clump, in the 
thin Indian varieties grown there, is 8-16, in the half -thick forma (KJieln, 
Striped Bansa, Puri and Sukli) 7-8 (Dahlsunder 5 ’5), and in the thick, imported 
varieties, 4-6. It is not possible to deduce accurate acreage numbers from the 
table, because the details are not given of the space occupied by the clumps 
investigated. But the plants were put in at about 6,000 to the acre, and, assum- 
ing that the countings would not be taken where clumps had failed, as this would 
vitiate the results because of different spacing, get, for the thin canes^ 
48,000-96,000 canes per acre, for the half-thick, 42,000-48,000, and, for the 
thick, 24,000—36,000. The latter figure tallies fairly well with those obtained 
for the cane varieties grown in the tropics. Numerous data can be obtained 
for these, and I have selected a few at haphazard from various sources. 

Louisiana : Purple cane, 35,000. 

Java : Cherihotr, 20,000 ; J. 247, 31 ,500 ; J. 36, 32,000 ; J. 100,2S,m. 

Madras (Godavari delta) : Namalu, 25,000 ; Mogali, 20,000 ; Keli 
31,000; Seema, 22,000; Yerra, 37,500, etc. 

In almost all of these cases we note that, the thicker the cane, the fewer 
there are to the acre, and the general observation of this fact has led various 
writers to suggest that, given similar conditions of soil, climate and treatment, 
practically the same weight of cane may be reaped per acre Avhatever the 
variety may be. This principle appears to be fairly well established, provided 
that the cane varieties compared belong to the same natural class. A rather 
striking confirmation of this principle, that thickness and canes per acre arc 
negatively correlated, may be seen in the following table, the details of which 
have been extracted from Memoir III, where the Saretha and Sunnabile groups 
of canes are contrasted (c/. pp. 166-167 and 169). These canes were all 
grown on adjacent plots under the same conditions. 


SaRETHA GROUi* 

SuNifABii,E Group 

Variety 

1 Canes per 
j clump 

Thickness 
in cm. 

V ariety 

Canea per 
cl urn p 

Thickness 
in cm. 

Chin 


1*5 

Kaghze ... 

20 

1*6 

Saretha (green) 

28 

1*7 

Bansa ... 

18 

1*8 

Khari 

24 

1-8 

Sa/nnabUe 

17 

1*9 

Bullu Kahbu 

22 

1*9 

Naanal ... 

15 

2*1 

Ganda Cheni (poor) - 

1 16 

I 2*0 

Dhor (hoo^ly 

12 1 

1 2*2 

Average 

24 

1-8 

Average 

16 

1-9 


In "this table the varieties of. each group (all that were measured) are 
arranged in order of tillering power and, in the second column, where the 
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relative thickness of the canes is given, the order is seen to be exactly reversed. 
Too much weight must not of course be attached to this interesting result, for 
the relative differences are by no means proportional, and a comparison of 
the averages of the two groups is instructive as showing that the class 
of cane has influence ; but a similar result, with many exceptions, 
is to be found in the longer tables appended, of thickness and tillering 
power of the varieties of the different groups in the 1917-18 crop on 
the Cane-breeding Station. Tillering and thickness of cane are inherent 
characters in each variety and group, but we must limit their correlation to 
the members of the same group. Thus, the Mungo class are among th e thickest 
of the indigenous canes, being short and bush -like, and their tillering power 
is very great ; on the other hand, theNargori group contain, on the average, the 
thinnest Indian canes, and their tillering power is practically the same in 
the table as that in the Mungo class. Mere thicknees cannot therefore be taken 
as a character from which tillering power can be deduced, but the group 
character must also be taken into account. In these and other comparisons 
the thick canes, tropical, are generally taken as one class, because there is at 
present no classification prepared for them, as for the Indian canes. It is cer- 
tain that great differences exist, which should be worked out in order to introduce 
a proper classification in them also. (See, however, Jeswiet’s recent papers 
on this subject, where a series of descriptions of thick canes has been 
commenced. The inaugural paper has been referred to on page o6 above.) 

Two tables are appended containing observations on the tillering of different 
Indian cane varieties during the 1917-18 crop season. The first of these 
contains observations and measurements made at my request by Mr. T. 8. 
Venkataramaii, during a tour in December and January last, when he visited a 
number of North Indian agricultural stations, where certain varieties were 
being grown, of which a series of measurements were desired for another piece 
of work. The chance of obtaining some idea of their tillering capacity was 
too good to be lost, but the observations were confined to the varieties being 
studied. These varieties were those also being grown on the Taliparamba 
and Samalkota farms in Madras, namely Saretha^ Chin and Khari of the Saretha, 
Pansahi and Chynia of the Pansahi, Barmlclm of the Nargori groups, and 
Mnriyo as representative of its own group. To these were added, where 
possible, one of the Sunnabile group, and, on account of the great similarity 
among themselves of the members of the Pansahi and Nargori groups, a certain 
amount of substitution was allowed in them where necessary. The observations 
were thus limited to certain varieties representing the different groups of 
indigenous canes, and are chiefly interesting as showing how greatly the same 
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canes vary in tillering capacity in different localities and under different condi> 
tiona. Firat in importance of these conditions is tbe rate of sets planted per 
acre, but the general treatment, kind of soil, rainfall and irrigation also have 
influence, and notes on these are appended in the table. Making every allow- 
ance for these differing circumstances, we still see that the same cane differs 
much in its tillering power in different parts of the country, and, to make this 
more evident, a column has been inserted giving the numbers of canes per acre, 
in each case calculated from the number of sets sown per acre, and the average 
number of canes per clump. The figures in this column are not to be taken as 
an accurate estimate of canes per acre, in that they assume that every set 
grew into a plant, and that the part of the plot where the canes were counted 
was characteristic of the whole. The figures are of more use in comparing 
the relative branching of the canes in the different farms, than of the crops 
obtained. Taking this character of tillering as inherent in the variety, this 
variation is not surprising, for we have found similar differences to occur in 
almost every other character of the cane. The comparison of such other 
characters has been prosecuted for several years, and it is hoped will form the 
subject of another Memoir shortly. The length and thickness of the cane, 
the number of joints, the relative length of cane and shoot, the width and length 
of the leaf, the rate of maturing of the cane and the number of dead leaves 
adhering to the stem at different periods of growth, all of these characters 
have been found to vary profoundly, in the same cane, in different localities in 
India, and we have noted that the locality impresses itself on the plant produced 
to such an extent, that a survey of the series of measurements will generally 
enable us to determine in what part of the country the cane has been grown. 
A large number of deductions could be drawn from this table of tillering, but 
it is felt that these are foreign to our present purpose and, also, that the figures, 
having been obtained for one year only, require confirmation and extension, 
and it is hoped that this will he done by those in charge of the various farms. 
It may be noted in passing, however, that one of the moat interesting results 
obtained is the way in which certain varieties seem to be adapted to certain 
localities, an aspect of the question which will be dealt with in the Memoir 
proposed. 

The second table contains observations, also made at my request by Mr. 
T. S. Venkataraman, at crop time on the Cane-breeding Station, in April 1918, 
The cane plpts on the farm are small, each consisting of one variety in three 
rows about 20 feet long. A space separates each plot from the rest in the form 
of a dropped row. For the tillering figures one row was selected in each plot, 
where possible the central one, but, where this had been used for other purposes, 
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an 6iid row was takon and this is notod in the tablo. It was presumed tbat, 
because of greater space, there might be more canes in an end than in the 
central row, but this does not seem to be so to any great extent, and the position 
of the row may accordingly be neglected, as of little influence on the general 
results. 

Tho numbor of clumps examined in these observations is therefore 
extremely limited, especially as the end clumps of each row, that is, those next 
to the irrigation channel and the drain at the other end, were excluded. The 
table is less to be relied on than the preceding one, but the general results agree 
well enough with those obtained on the farm in other years. The average thick- 
ness of the canes in the plot has been added, and this was computed from the 
average of 100 canes in each case. In this table, the varieties in each group are 
arranged in the order of greatest tillering. Comparing the average rates of 
tillering, we see that Mungo and Nargori groups head the list with lo'l canes per 
clump ; these are closely followed by the brown section of Saretba, then, in 
succession, the series of unclassed canes, Sunnabile group, Pansabi group and, 
last of all, the green section of the Saretha group, with 9' 5 canes per clump. 
As regards thickness, Mungo heads the list and Nargori shows the thinnest 
canes. But both of these have the greatest tillering power, a fact that has 
already been commented on. The following summary table shows that, with 
the exception of Mungo aiidlihe green section of Saretha, the average thickness 
of the canes in a group varies more or less inversely with the rate of tillering. 


Name of group 

No. of 
varieties 

Average 
thicknesa 
in cm. 

Average No. 
of canes 
per clump 

Mungo 


32 

2-60 

15*10 

Nargori 

... 

13 

1-60 

15-10 

Saretha (brown) 


13 

1*62 

14-00 

UnclassiBed liat 


21 

1*87 

13-60 

Sunnabile 


22 

. 1*90 

1255 

Pansahi 


17 

1*95 

11-00 

Saretha (green) 


10 

1*86 

9-50 
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Oane^^ per cltmp atid average thickmfis of cams in the varieties grown 
on the Cane-breeding Station, 1917 - 18 . 


I No. of 
1 clumps 


Mungo group 

Matna (Shahj.) ••• 

Matna Ukh (Cawnpore) 
Matki Mungo 
Kharwi ... 

Reori 

Matna (AUgarh) ... 
Katara (Partabg.) ... 
Sarautl ... 

T.aWA.V*t 

Mungo (Sabour) ... 
Kuswar (Ottur) 

Kuawar (Aligarh) ... 

Bhoora ... 

Patarki Mungo ... 
Kuawar (Partabg.) — 
Mungo (Aligarh, Partabg.) 
Khatuia ... 

Bfeinja (Bhikanpur) 
DarkPindaria 
Katara (Bjirah) 

Matanwar 
Faunri ... 

Agoule ... 

Hurli 

Parana ... ^ •• 

Hemja (Sab. 2 E.) .. 
Poraya ... „ , • ■ 

Hemja (Sab, 2 B.) ... 
Pararia ... 

White Pararia 

Biixaria .m 
R amgol ■■ 

32 Varieties 
Average 

Sareiha {Brovon) 

Rakai 

Ramui ... 

Lalri 

BaroukbaUkh 
Cbunnee ... 

Burra Cbunnee 
Chin (AUgarh) 

Saretha ... 

Kansar ... 

Cbynia ... 

Katha 

Chin (Partabg.) 

Saretha Desi 


Average 


13 Varieties 


Plot I Position 
No. i of row 


Av. 

thickness 
of cane in 
cm. 


2B59 

2P61 

2662 

■2666 

26^5 

2669 

2663 

2670 
2667 
266S 
2660 

2664 

2671 


central 

end 

do. 

do. 

central 

do. 

do. 

do. 

end 

do. 

central 

do. 

do. 


1-.15 

1-60 

1-55 

1-70 

1-60 

1-70 

1-40 

1-85 

1-76 

175 

1*45 

1-50 

1-55 

2V05 

162 


Av. No. 
of canes 
per 
clump 


7 

2641 i 

end 

1 70 

24*6 

7 

2642 

do. 

1*95 

22*7 

7 

2658 

central 

1 70 

21*7 

7 

2658 ■ 

do. 

155 

20*1 

7 

2644 j 

do. 

1-65 

19*7 

7 

2640 ' 

do. 

1*85 

190 

7 

2648 

end 

2-10 

18‘7 

7 

2650 

central 

1-65 

179 

7 

26:-l8 

do. 

2*05 

17*9 

7 

2626 

end 

2-25 

17-6 

7 

2635 

do. 

2*25 

171 

7 

2636 

central 

2*35 

15-6 

7 

264.3 

do. 

190 

15-4 

7 

26.57 

do. 

2*10 

151 

7 

2637 

do. 

195 

14*9 

7 

2627 

do. 

1-95 

14*4 

7 

2645 

end 

2*2n 

141 

7 

2629 

1 do. 

2-30 

139 

7 

2655 

central 

1-60 

13*7 

7 

2647 

I end 

2-20 

1.3*6 

7 

2653 

: central 

2*30 

12*6 

7 

■2628 

' • end 

2*20 

124 

7 

2646 

central 

2-20 

12-4 

7 

2633 

end 

2-15 

12*1 

7 

2652 

central 

215 

12-0 

7 

•2630 

end 

2-20 

11*3 

7 

26,39 

central 

2*40 

111 

7 

2631 

end 

2*30 

110 

7 

2651 

' central 

2*15 

10*7 

7 

2654 

1 end 

190 

l(i*6 

7 

■2632 

j central 

2*20 

9*4 

7 

2649 

^ do. 

2*30 

90 




1 65-90 

i 482*3 




2-06 

1 15*1 


200 

191 

161 

158 

15'3 

14-3 

140 

130 

129 

116 

116 

111 

7‘1 

1820 

140 
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Canes jier clnm'p and average Ihiekmss of canes in the varieties 
on the Cane-breeding Station, 1917 - 18 . 


Sardha {Green) 
Dbaur Saretha 
Khari ( Jubbulpore) 
Mesatigaa 
Hullii 

Kalkya (Satara) ... 
Jaganathia 
GandaCheni 
Ralkya (Dharwar) ... 
Saretha ... 

Khari {Sabour) 


No. of ! 

Plot 


Av. 

Position 

thickness 

clumps j 

No. 

of row 

of cane in 
cm. 

7 

2674 

end 

1-80 

7 

2677 

central 

1-90 

7 

2672 

do. 

1-50 

7 

2678 

do. 

2-00 

7 

2650 

do. 

1-85 

7 

2675 

do. 

1-90 

7 

2679 

do. 

200 

7 

2681 

do. 

2-10 

7 

2673 

do. 

165 

7 

•2676 

do. 

1-90 


10 Varieties 
Average 


18-60 

1-86 


Sunnabile group 
Teru (Harchowal) .. 
Ketari(12 A Sab.) .. 
Ban8a(£ 31 do.) 
Rakhra (Partabg.) .. 
Ekar 

Dhatilu .. 

Teru (Gurdaapur) .. 
Ketari (20 E Sabour) 
Rakhra (Shabj.) 
Sunnabile (Jub.) 
Bansi 

Kaghzo (Pilibbit) .. 
Kaghze (Aligarh) . 
Sunnabile (Jub.) .. 
Naanal ... 

Khadya (l^aaik) 

PutU Khajee 
Mojorah ... 

Khadya (Dharwar).. 
Hotte Cheni 
Dhor 


7 2683 

7 2690 

7 2692 

7 2684 

7 2686 

! 7 2687 

{ 7 2682 

I 7 2691 

I 7 2655 

7 2696 

7 2694 

7 2689 

7 2688 

7 2695 

7 2700 

7 2698 

7 2697 

7 2704 

7 2699 

7 2701 

7 2702 


central 

1-40 

do. 

, 1-60 

end 

1-55 

central 

1-60 

do. 

I 1-65 

do. 

^ 1-55 

do. 

1 1-45 

do. 

1 1-65 

do. 

1-70 

do. 

1 1-95 

end ' 

1 2-10 

cential 

1-70 

do. 

; 1-65 

do. 

' 2-10 

do. 

2-10 

do. 

2-15 

do. 

2-25 

end 

2-fO 

central 

2-50 

do. 

2-40 

end 

2-35 


21 Varieties 
Average 


39-90 

1-90 


Pansahi group 
Pansahi (E 57 Sab.)... 
Sada Khajee 
Kahu (Irrigated) 

K ah u (Rain-fed) 

Thin Moulmetn 
Yuba (Natal) 

Pansahi (E 58 Sab.),.. 
Sanachi ... 

Ketari (20 A Sabour) 
Merthi ... 

Maneria (E 56 Sab.) 

Lata 

Bikchan 

Bharanga 

Ketari (20 H Sab.) ... 
Maneria (E 55 Sab.) 
Chynia (B 39 Sab.) ... 


7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 


2717 

2719 

2712 

2713 
2072 

2710 

2718 
2709 

2705 

2707 
2716 

2714 

2708 

2720 

2706 

2715 

2711 


central 

end 

central 

end 

central 

do. 

end 

central 

end 

central 

do. 


do. 

do. 

do. 


2-00 

1-85 

1-95 

1- 85 

2 - 00 


-J'lFU 

1 - 95 i 

2 - 01 [ 

2-00 i 

2-00 i 

1-80 ! 

1 - 90 ^ 

2 - 05 1 

2-10 I 

2-00 ; 

1-80 I 


17 Varieties 

Average 


33-20 

1-95 


( 


grown 


Av. No. 
of canes 
per 
clump 


117 

110 

10*9 

in-6 

9-4 

90 

8-6 

8-3 

7-7 

7-7 

94-9 

9'5 


26-0 
21-4 
18,3 
161 
15-4 
147 
14-0 
14-0 
13-9 
13 7 
127 
12-6 
12T 
11-4 
9-7 
91 
9-1 
8-0 
74 
6-7 
5-6 

271-9 

1295 


12 6 
123 
12-3 
121 
12-1 
121 
120 
11-9 
11-7 
11*6 
11-3 
101 
9-7 
9-4 
9-3 
9-1 
8-0 

187-6 

11-0 
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Canes per clump and average thickness of canes in the varieties grown 
on the Cane-hr ceding Station, 1917-18. 


Nargwi group 
A^oule No. 2 
Haroukha (Pursa) ... 
Manga 

Nargori (15 D Sab.)... 
Kewali (16 G Sab.) ... 
Mungo (Sic.) ^ 

Baroukha (Shahj.) ... 
Heora ... ... 

Kewali (14 B Sab.) ... 
Nargori (15 B Sab.)... 
Kalari 

Ketari (12 D Sab.) ... 
Ketari (12 J Sab.) ... 

Baron kba (13 A Sab.) 
Chynia (E 41 & 42 Sab.) 
Sararoo ... 

Katai 


17 Varieties 
Average 

XJmlasnfied 
Dbaar (Aligarh) 

Sbakarchynia 
Dhaalu (of Pbillaur) 

Bodi 

Kinar 

Kfaagri (19 D Sab.) ... 

Kanara ... 

Barbai (Jub., Gurda-opur) 
Barhai (Jub.) 

Kinar 
Betakali .. 

Bhaur Kinar 

Dhaura (Aziingarh, Gurdaspur) 
Agol 

Khagri (Dacca) 

Baroukha (Sbabj.) ■. 

Phaor (Sbabj.) 

Ikri 

Rbagri (Rajababi) ... 

Kbelia (E 54 Sab.) ... 
Kbelia(£53 Sab.) .. 

21 Varieties 
Average 



No. of 
olumpB 

Plot 

No. 

Position 
of row 

Av. 

thickness 
of cane in 
cm. 

Av. No. 
of canes 
per 
clump 


8 

273.3 

central 

1-55 

196 


8 

2725 

end 

1-55 

191 


S 

2732 

central 

160 

18*8 


8 

2722 

end 

1 60 

17*9 


S 

2724 

do. 

V50 

16.5 


8 

2736 

do. 

165 

159 


8 

2727 

do. 

1-65 

14*8 


8 

2737 

central 

1*50 

14-8 


8 

2723 

end 

1*70 

14-3 


8 

2721 

central 

1*50 

14*1 


8 

2734 

do. 

1*55 

141 


8 

272S 

do. 

1*65 

13*5 


8 

2729 

do. 

l-6() 

135 


8 

2726 

end 

1-65 

13*1 


8 

2730 

do. 

1*70 

12*3 


8 

2731 

central 

1*60 

12*3 


8 

2735 

do. 

1-65 

27-20 

1 

256-7 





1-60 

15-1 


S 

2741 

central 

1-80 

209 


8 

2758 

end 

1-80 

19-4 


8 

2739 

do. 

1*65 

159 


8 

2738 

do. 

1*75 

18*6 


8 

2745 

central 

1*65 

16*1 


8 

2749 

end 

1*90 

15*6 


8 

2747 

do. 

1-75 

15*3 


8 

2755 

central 

1*40 

15-1 


8 

2756 

end 

1-40 

151 


8 

2744 

central 

1*75 

14*9 


8 

2740 

do. 

2*30 

134 


8 

2746 

do. 

1*70 

12*8 


8 

2743 

do. 

200 

12 6 


8 

2748 

do. 

1*85 

12*1 


8 

2750 

end 

1*90 

U*3 


8 

2757 

do. 

290 

10*8 


8 

2742 

central 

195 

10*4 


8 

2752 

do. 

2*30 

97 


‘ 8 

2751 

do. 

210 

96 


8 

2754 

do. 

2-29 

H*0 


8 

2753 

do. 

2-15 

39-30 

7 3 

287*9 





1*87 

13*6 


On studying the relation between thickness and rate of tillering in the 
varieties of each group, we must remember that the fewness of the clumps 
examined has much greater influence in the variety than in the whole group. 
We also note that in the Nargori and Pansahi varieties the thickness varies 
within very narrow limits, and it is not surprising that no correlation can be 
established. The green section of the Saretha group also shows no correlation, 
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but, in the rest, there is a marked tendency for the thinner forma to have 
greater branching. For aafe deductions on this point, a much larger number 
of clumps inust be available for examination. 

(.3) Deaths during growth and the period op maximum tillering. 

In considering these and other tables on the tillering power of different 
varieties of canes, founded on the number of canes produced at harvest, it is 
necessary again to sound a note of warning at the somewhat loose use of the 
term in general practice. The total number of canes at crop time is not in 
reality a safe guide to the shooting power, or tillering capacity in its narrower 
sense, because a large number of shoots die during the life of the plant. This 
is a necessary result of cultivation, where a tufted grass is forced to grow within 
narrow limits, so as to obtain as many matured stalks as possible. There is not 
room for the development of a number of the shoots formed and hence the 
mortality among them is very considerable. Stubbs,^ in his careful experi- 
ments on the PurfUm^Sirifed Louisiana canes in 1894-95, calculated that the 
deaths of shoots during growth were 58-9 per cent, in 1894 and 53-9 per cent, in 
1895. Muller von Czernicki, in Java, counted the number of shoots appearing 
above ground at varying periods between 60 and 150 days, and showed con- 
clusively that the numbers were far greater at the earlier than the later period. 
Thus, in Cheribon 120-180 shoots ivere counted in different plots at 60 days from 
planting and only 60-70 at 150 days ; the figures for J. 247 were 160-240 and 
90-100, and, for J . 100, 100-170 and 82-86 respectively. Striibon, in a senes of 
experiments on J. 247, found that the better grown plots in the first two or 
three months gave 300-400 shoots per row, in one case the number reaching 
415, whereas at eight months all of the rows gave only about 110 shoots. No 
data are as yet available as to whether Indian canes suffer this great mortality 
during the earlier period of growth, but there is some reason to suspect, from 
shoot-counting observations, that it is a much less serious factor than in the 
thick canes, and further countings have been commenced to settle the 
queation. 

Auofter point to be held in view ia the relative rate of germination and 
tillering in different varieties. This of course does not refer to the effect of 
cold and drought, aa for instance in North India where the early growth ia so 
much slower thian in the Indian Peninsula, but only includes comparisons 
where the' conditions are altogether aa similar as it is possible to make them. 


^ Referencfja to these papers will be given later. 
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We find that there ia a considerable variation in difierent canea in this respect, 
as can be readily demonstrated in comparing the Saretha and Siinnabile varieties 
on the Cane-breeding Station (c/. Mem. Ill, p. 149). Muller von Czernicki 
found in his shoot-counting experiments, that Cherihon reached its maximum 
number of shoots at 60 days from planting, J. 100 at 90 days, while J. 247, 
although having more canes at harvest than either of the others, was slower 
and later in its early stages {cf. Pis. XIV and XV). In comparing the 
maximum number of shoots formed in any variety, it is not safe, then, to 
count the number of shoots in the plots at any one time, but the rate of develop- 
ment must-be held in view, so as to get a true maximum for each variety, and 
from this to deduce the number of deaths occurring. For a time the numbers 
of shoots formed exceed the deaths and the total numbers steadily rise in the 
plots, but a period soon supervenes when there are many more deaths than new 
formations and, once this period has been reached, there is a continuous and 
great reduction in total numbers ; later on, a sort of equilibrium is reached, 
when the activity of fresh formation wanes and the shoots are of sufficient 
vigour and size to be able to maintain themselves and grow to maturity. 

4) Artificial interference with tillering. 

The great mortality of shoots during growth is obviously of serious import 
from the crop point of view. Not only is the possible number of canea dimin- 
ished, but the formation of such numbers of abortive shoots must be a serious 
drain on the reserves of the plant. Attempts have accordingly been made 
from time to time to limit the tillering of the sugarcane by artificial means. 
It is the common practice with many crops to thin the plants out when they 
have become established, thus assuring a full stand with plenty of room for 
the development of each plant. This practice ia hardly applicable to the 
present case, which ia more analogous to the thinning out of branches in 
pruning and removing an excessive number of fruits or flowers for the better 
development of those that remain. Rosenfeld conducted some experiments at 
Tucuman on the effect of the thinning out of cane shoots on the crop, but found 
that the results from this procedure were rather adverse than otherwise.* 
These experiments, are however, open to serious criticism and cannot be 
regarded as demonatjating the inadvisability of the practice of thinning. His 
experiments were conducted on a single plot of canes, half of which was thinned 

^ Rosenfeld, A. H. Experiments in thinning our sugarcane row.s. Int^,rnational Sitgai 
Jouffial, 1914, p. 220, and 1918, p- 30. 
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and the other left intact. There was no control or duplicate plot. He repeated 
the thinning operation each year on the same plot, where the canes were grown, 
to first, second, third and fourth ratoons. It would be a mistake to assume 
that these successive experiments on the same plot were in any way a substi- 
tute for proper control plots, in that any fault in the original selection 'would 
but be repeated each year. Besides thus, it is quite possible that ratoons may 
behave differently to plant canes in this matter, and also among themselves, 
whether first ratoons or those of a higher order. No hints are given as to the 
character of the season in each year, although there are intrinsic evidences 
that these differed, and it is quite reasonable to suppose that the thinning 
would have a different value according to the season, and consequent general 
health and growth of the plants. Lastly, no preliminary experiments appear 
to have been made at the correct time of thinning. The plot was planted 
in June, it was thinned in March “ u'here it ivas Ihoughf mcessary'^ Uj removing 
mvhe^s and small canes where there was an ahindance of larger better grown 
stalks” and the crop was reaped in July. It would seem natural that this 
late removal of small canes would act prejudicially on the weight of the crop 
at harvest, and the canes were also naturally, on the average, thicker as 
\ve\\ as fewer in the thinned plots. For a decisive result on the effect of 
thus artificially restraining tillering, the thinning should be carried out 
systematically throughout the plots, separate plots should be thinned at 
different periods of growth, and a reasonable number of controls should 
be introduced. 

In Louisiana, profuse tillering is a matter of some moment because of the 
shortness of the season. For the best results to be obtained, it should be 
great in the earlier part and small or absent at the end of the season. This has 
been very clearly explained by Stubbs,* and a further danger in late tillering 
has been pointed out by him. Shoots developed after July 1 are not likely 
in Louisiana usually to mature before the cold weather sets in. Furthermore, 
late tillering and shooting of the aerial buds destroys the evenness of the stand 
in the ratoons of the following year, as these are (presumably) killed during 
the cold weather. Stubbs therefore paid very marked attention to the matter 
for several years, and adopted various methods which? he thought, might 
regulate the branching of the cane at different periods of growth, his desire 
being to stimulate the early and restrain late formation of branches. His 
general conclusions are summed up in the statement that tillering is a natural 
property of the cane and cannot be prevented- As the result of his experiments 

^ Sfcubbs. W. C. Sugarcane, Vol. J, Chapter XIV, Suekering of cane. 
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lie, however, suggests that continued working between the rows without 
injuring the roots might act as a restraining influence on too late branching. 

The earthing up of the cane rows is a ivell-known practice, both for the 
purpose of drainage and the provision of suitably prepared nutriment, and for 
giving the plants a firm hold on the ground when they are tall and stormy 
weather prevails. It is customary in Java for this operation to be performed 
at stated intervals, and there appear to be four successive earthings up, during 
the first four or five months of the plants’ growth. This practice, as with all 
the agricultural operations on the cane field, is doubtless the result of numerous 
careful experiments during past years. From what we have stated regarding 
the different phases of growth in grasses, we should naturally assume that the 
heaping of earth over the base of the cane plant would, by lengthening the 
period of underground branching, tend to increase the tillering. But it seems 
to be held by many in Java that earthing up tends rather to restrain tillering. 
As, however, the opinions expressed from time to time have been very conflict- 
ing, Striiben^ and others have conducted experiments to see if tillering 
was affected by delaying the earthing up. Btriiben’s general conclusion is 
that the time of earthing up has little or no effect on the general crop result. 
In another paper he deals with other matters, such as manuring and spacing, 
and comes to the same general negative result, and it is worth while drawing 
attention to the fact that he would almost seem to hold a brief for the non- 
effect of these various operations, whereas it occurs to ns as quite possible 
that another worker might have come to a somewhat different conclusion on 
the facta quoted by him. AVe shall refer to this in more detail later on. 

(5) On the factors influencing tillering. 

Of all the factors influencing tillering, perhaps the most important is 
light, but the provision of other needs of the growing plant, such as warmth, 
moisture, soil constituents and manuring must also be considered. Lastly, 
the space available is of immediate effect, because of the interference of the 
shoots with one another and the varying amount of light and food in all its 
forms which may be obtainable. It should be obvious that tillering, being an 
essential characteristic of the growth of the plant, will be assisted by anything 
that induces a better physical condition. 

The influence of Light. AVe have seen that deeply planted grass seedlings 
at once set about an attempt at reaching the proper place for tillering, near the 

Stiubeii, W. Vroege of late aanaarding ? v. d. 8u\keri7id, in l^ed. Ind f 

Bijblad, 190U, p. 592. 
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surface of the soil. A similar contrivance has been shown to exist in certain 
young sugarcane seedlings (p. 47), but observations have not been recorded a.s 
to this habit in deeply planted sugarcane seta. In our dissections, however, we 
not infrequently meet with what might be termed upright runners, in which, 
long, thin internodes are intercalated between the usual, congested, short 
internodes of the base, and doubtless the meaning of this is soLtimes the 
.same as that in seedlings, in that thereby the underground part may be placed 
in the best position for rapid branching, near the soil surface. Tillering cannot 
take place satisfactorily unless the shoots are able immediately to^raerge 
into the light. But when a certain number of branches have been developed, 
and the light space so to speak is filled, further shoots are at a disadvantage 
in that they are overshadowed by their neighbours. This is undoubtedly 
the cause of the great mortality in cane .shoots during the growth of the crop, 
and it is not easy to see how this perfectly natural effort at producing as many 
branches as possible can be prevented, if the plant itself has not the” power to 
adapt itself to the conditions. It is fairly certain that this death of shoots i.s 
not due to the lack of food supply in the soil, for this can be and, habitually, 
IS supplied to meet all possible needs. Generally speaking, all plants in 
the light branch more freely than in the shade. Growth in length is 
repressed in light and a more spreading habit is induced which”gives 
room for more shoots to be developed. As one author has justly argued, 
of all the food producers on which the plant is dependent, light is the 
only one over which we have no control. There is a definite amount 
of light available for each area, and this we cannot increase by any means, 
whereas air is moving, and water and salts can be applied artificially. AVe 
can increase the depth of soil and the amount of water, can improve the physi- 
cal condition of the soil and add manures as desired, but, as soon as the amount 
of light available is fully occupied, the further branches are shadowed and 
unhealthy, however many we may by various means cause to be developed. 

It is a common experience that trees on the outside of a forest, or in free space, 
arc much larger and more uniformly developed than those within the forest, 
and this is not only duo to their greater command of the soil around but also 
to tbe light available, and the same applies to cane plants near the edges of 
the fields or along the sides of the paths. The problem of obtaining the 
greatest number of canes per acre is thus seen to be strictly limited by thi.s 
factor, as well as by those of cultivation and manuring. Light is perhaps the 
most important limiting factor as regards tillering. 

Moisture also undoubtedly affects tillering, as can be seen by studying 
Ihe plants along the irrigation channels where they are as closely planted as 
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elsewhere. The frequent advantage of plants so situated should he carefully 
noted, as suggesting that full use is not always being made of watering facilities. 
There is still a good deal of work to be done with regard to the effect of the 
duty of water on the number of canes to be obtained under varying conditions 
of soil and manuring. 

Manuring naturally has its effect on the number of canes produced as 
well as their individual weight and the richness of their juice. A careful 
study of this effect has been made by Kilian, who desired to know the best 
manures to be applied to the three cane varieties which appeared to be suited 
to the different soils in his estate at Poerwodadi in Java.^ Although his 
research was limited to a purely utilitarian problem, the care with which his 
experiments were conducted renders them valuable from the scientific point of 
view, and their limited range is of no disadvantage in this respect. The 
experiments were with Black Cheribon and J. 247, which were canes growing 
well in his conditions, and consisted of a series of plots to which were added 
varying amounts of sulphate of ammonia, superphosphate and cattle manure. 
Besides studying general yield and other matters, he counted the number of 
canes at harvest, and this renders his paper of interest to us. Briefly the results 
were as follows : — - 

In Bhch Cheribon, with the same amount of sulphate of ammonia, increas- 
ing doses of superphosphate gave a gradual rise in the weight of cane and of 
sugar per acre ; also there was an increase in the number of canes, but this was 
less regularly the case. With increasing doses of sulphate of ammonia, the 
numbers of the canes varied irregularty, whereas the weight of canes and of 
sugar gradually increased. With the addition of a suitable amount of cattle 
manure to a moderate amount of both of these artificial manures, there was 
a distinct rise in the numbers of canes in the plots, as well as weight of cane 
and of sugar at crop time. The experiments with J. 247 seem to have been 
confined to the ammonium sulphate aeries, and the results were similar to those 
with Black Cheribon. 

These experiments were carried out on soils varying from heavy black 
clay to thin dry loam, and we see that the addition of quantities of suitable 
manure, especially cattle manure, lead to a distinct increase in the number of 
canes. It seems probable that similar results would be obtained in other 
places, once it is determined in what direction the manurial constituents of 

^ Kilian, J. Biraestings-en piantverband-proeven op do S. F. Kanigoro, oogst 1908-0, 
Archi&f v'. d. Suihmnd. in Ned. Ind., Vol. XVIJI, p- 566, 1910. 
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the aoil are lacking. Kilian’s results on the numbers of canes arc summarised 
in the following table : — 

Numbers of caims per bouw (If acres) with different manures. 

BxPERIMKNTS with super and cattle MANURE: EXPERIMENTS WITH SULPHATE OF 
Black Gheribon AMMONIA AND cattle manure 

ON DRY LOAM 

j 

Manure j 

1 

; i 

j 3 pik. sulph. am. | 

4 do. [ 

5 do. i 

I 

6 do. 

4 do. + cattle 60,931 35,177 

manure 

* The words “alight fall,” "rise,” etc,, below an average figure, indicate any chansea 
within the bracketed treatments. * 

Kobus^ in an earlier paper (1905) describes the results of his experiments 
on growing cane uninterruptedly on the same land for a succession of years, 
with a various assortment of manures designed to take the place of rotation 
and fallowing. In this series were N, N and P, N and K, N, K and P, and 
all these with or without the previous addition of Ca. The series is a very 
full one, as it deals with three different varieties of cane, J. 2i1, J, 33a and J, 36. 
He states that the plots were much affected by the weather, there being a 
severe drought in the earlier part of the season, but that they recovered much 
better than he had expected. There were, however, many failures in germina- 
tion, varying from 6*4 per cent, to 12‘4 per cent, in the different varieties. Rats 
invaded the plots and created great havoc, to an extent in some cases of 40 
per cent. Lastly, J . 36 suffered from red rot, as this variety is more liable to 
the disease than the others. Among other data, he obtained the number of 
canes in each plot, and his general conclusions were that tillering is com- 
paratively unaffected by manuring. By this we presume that he means rather 
that the kind of artificial manure applied, whether nitrogen, potassium, 
phosphorus or calcium in their various combinations, has little effect on the 
number of canes produced per acre. This does not seem to be quite the same 

Kobus, J. D. Cultuur van suikerriet /ondcr tusschen-gewassen. Ar^ief v. d. Java, 
‘'^uikerind., Vol Xni, 1905, p. 4S5, 
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position as that taken up by Kilian and, for the present, his more special work 
seems to be more to the point, as it deals rather with the quantity of suitable 
manure than the kind of manure applied. 

Striiben,^ in 1911, asserts that there appear to be no definite experiments 
on the effect of manuring on tillering. This seems rather strange, in view 
of his later quoting from both Kobua and Kilian. He states that he has 
often noted that very heavy manuring does not usually increase the number 
of canes. His general conclusion is that manuring does not affect tillering, 
although he does not himself experiment in the matter. As we have pointed 
out above, Striiben assumes the attitude that no appreciable alteration is 
made in tillering by various changes in cultivation, whether spacing, earthing 
up or manuring, and for this dictum he seems to depend on a generalization of 
Kobus, made in his 1905 paper, referred to above, that “ with a difference of 
even 10 per cent, in the numbers of canes in a plot, there may be a similar out- 
turn of sugar at crop time.” This perhaps will throw light on Striiben’s attitude 
and, when he asserts that the number of canes is not influenced by manuring, 
he may mean that, as far as total sugar obtained is concerned, sach differences 
as are noticeable are of little consequence. AVith this aspect we are at present 
not concerned, and have little hesitation in concluding that manuring has 
an influence on tillering, as well as any other means by which the healthiness 
and vigour of the plant is enhanced. 

(6) Literature concerning the effect op spacing on tillering 
AND ON other CROP CHARACTERS. 

The most obvious way of regulating the number of canes proGuced at 
harvest time is by varying the number of sets planted per acre. Spacing 
experiments have been conducted wherever the sugarcane has been cultivated, 
for the seed material, in many cases obtained by cutting up canes perfectly 
fitted for passing through the mill, costs a good deal and figures largely in the 
balance sheet. In some countries only tops are planted, namely, the upper, 
immature parts of the plant where there is no sugar, and the canes harvested 
produce these in sufficient numbers to plant up the new fields ; but, in other 
places, tops are not available, as they form a valuable cattle food and, in 
India, for instance, are often the perquisite of the men from wffiom the cattle 
are hired for crushing the canes. AVe have already referred to the curious 
fact that, even in India, there are varieties which cannot be successfully 

^ Struben, W. UitstueIin^^ ArchkJ v, d. Suih&t'ind. in ised> Ind,^ Vol. XIX, Pent 1, 1911. 
p. 487. 
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reproduced from the matured cane sets, but such exceptions are comparatively 
rare. When the Samalkota farm was started in the Godavari District, it was 
the local practice to plant 25,000 to 30,000 sets per acre, and the cultivators 
were quite content to put aside Rs, 30 to Rs. 40 for the purchase of seed per 
acre. A series of experiments was therefore initiated with the number of sets 
planted, varying from 4,000 to 30,000 per acre. The numbers of canes produced 
at harvest were counted and the amount of jaggery produced was estimated. 
These figures are now unfortunately lost, but the general conclusion arrived 
at was that, with proper treatment, each piece of land would produce the same 
weight of canes within comparatively wide limits, but that, when thick canes 
were sown at the rate of 12,000 sets to the acre, the maximum yield might be 
counted on, and that closer planting merely led to unnecessary expense in the 
purchase of sets. A similar series of experiments was made with Eeora of 
Bemres in Partabgarh in North India,^ varying numbers of sets being 
planted per acre and the resulting yield of gur compared. Here, too, 12,000 
seta per acre were found to produce the most satisfactory results, and the 
larger number uf sets usually planted by the ryots did not give any increased 
yield. At first it strikes one as rather curious that thick and thin varieties, 
with their greatly differing tillering power, would require the same amount of 
space for their beat development. But it must be remembered that the number 
of buds par set was considerably greater in Reora because of its short-jointed 
character. The number of sets planted per acre on different farms in North 
India appears, however, to differ very considerably (c/. Table on p. 63fl), and 
it is not known whether these numbers are the result of series of spacing 
experiments, such as those made at Samalkota and Partabgarh, or are merely 
an adoption of the local ryots’ practice until such experiments can be 
conducted. 

Stubbs^ quotes a certain Mr. Skeete, wiio speaks of sets planted six 
feet apart, with the result that often 50-100 canes were reaped from one hole. 
We have been unable to verify this reference or to discover what country is 
spoken of, but it appears to be not at all unlikely, for Prinsen Geerligs^ states, 
of San Domingo, in the West Indies, that the canes are occasionally planted 
nine feet apart each wav, which would mean only 538 sets to the acre, and 
presumably the tillering in such cases would be great enough to make up the 
requisite number of canes at harvest time. It is the custom at the 

^ Clarke, Annett and Hussain, etc. Experimonts on the cultivation of sugarcane at the 
Part-aljgarh Experimental Station, 1910-11. Bulletin No. 27, Agr. Res. Inst, Pusa, 1911. 

^ Ibid, p. 05. 

^ Geerligs, H, C. Prinsen. The World’s Cane Sugar Industry, Past and Pres., p. 193, 1912. 
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Cane-breeding Station to give tbe thick canes more room than the thin, in spite 
of their smaller tillering power, and this appears to be the general rule in India 
where these two types of canes are planted on the same farm. There is, how- 
ever, a much more liberal application of manure in the former case, for the thin 
canes are found to be unable to assimilate such heavy dressings and, at the 
same time, to mature properly at harvest time. The object aimed at in each 
case is to obtain a full stand, with as great a weight of canes as possible, 
without unnecessary expenditure in costly seed material. Tbe development 
of tbe cane clump is influenced by warmth, moisture, soil, and no strict rule 
can be laid down as to tbe most suitable spacing, and hence tbe importance 
of tbe very numerous experiments which have been made. 

Several workers have dealt fairly fully with the relation between spacing 
and the number of canes reaped, and it will be necessary to consider their papers 
somewhat in detail. As other matters, besides the influence on tillering, are 
also included in them, it will be convenient to treat these papers as a whole, 
and append a summary of conclusions at the end under the several headings. 

8tubbs, in 1892-93, conducted experiments with the local Louisiana canes 
by planting the sets at distances of 6'', 12" and 18" in rows five feet apart. The 
plants were first reared in a nursery and, as each was planted in its plot, care 
was taken that it was tbe result of the gro\vi;h of only one bnd. His results 
are given in the following table 


Spacing 

Number 
planted in 
March 

! 

Shoots in 
' June 

Shoots in 
Octoher 
(harvest) 

AveraKe 
! weight of 
each cane 

Tonnage 

6" 

i 17 600 

72..^25 

39,050 

1 2-17 lb. 

4255 

ir 

1 8.800 

51,188 

3*2.964 

2*49 lb. i 

41*60 

18" 

i 5,860 

i 

:-17,230 

29,070 i 

1 2*60 lb. 

37-24 


These figures show a greater number of shoots arising in the more closely 
planted rows, but a gradual diminution of the differences in these numbers as 
growth proceeded. Inversely, there was an increasing weight of individual 
canes with greater spacing, but the tonnage was greater in the closely planted 
plots. Stubbs concluded that tillering depends on room available, and that 
there is practically no limit to it, provided the space given is sufiiciently ample. 
In 1894-95 he carried out the same experiment with much greater care, studying 
each plant throughout its growth- Five plants of each of the two varieties, 
the Striped and the Purple, were used in each experiment, so that, altogether, 
there were thirty plants. A book was kept of births and deaths by the chemist 
in charge, who also labelled each shoot as it appeared. At harvest each clump 
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was dug up and the labels examined, the parent stalks were marked and their 
relation to their branches ; each cane was separately weighed and analysed. 
It is impossible to conceive of a more strictly scientific method, and the results 
are well worth study, especially as the conclusions arrived at are at variance 
in some respects with those of others to be referred to below. More, shoots 
started with the vdder spacing, but the ultimate number at harvest was practi- 
cally the same. In the chemical analysis of the canes, the main stem had the 
richer juice and the author claims a gradual decrease in weight and sucrose 
in successively developed branches. He admits, however, that three canes 
behaved in a contrary manner, and we shall refer to these below. It is especially 
with regard to the decreasing richness of juice that other workers disagree with 
Stubbs and, from the following considerations, it seems to us that the author 
was scarcely justified in drawing the conclusions that lie did. We have not 
been able to study bis original paper, but there are sufficient details given in 
his book on the sugarcane for our purpose. At the same time attention may 
be drawn to the extraordinary inaccuracies in the general averages of all the 
canes, especially in the first table on page 132. There were 139 canes instead 
of ]32 as quoted, and the general averages of Brix and sucrose are obviously 
wrong, suggesting a whole series of printer’s errors more than anything else. 

From a careful analysis of the tables, we gather that the crops grown in 
the two years differed widely. In 1894, 20 parent plants produced 139 canes 
at harvest, whereas, in 1895, there were only 131 from 29 plants. The sucrose 
was higher in 1894, and the glucose was much lower. From this it appears 
that the t^venty 1894 plants had more space for development and that they 
were better matured than the 29 in 1895. A reference to the temperature and 
rainfall during these two years, fortunately given in chapter V of the book, 
indicates that this difference was due to the character of the growing seasons. 
That of 1894 was favourable to the production of good, well matured crops, 
while that of 1895 was altogether unfavourable, especially because of the 
excessive rains of May 22-24, when over six inches fell, which checked 
growth and rendered the important late cultivation of the ground 
impossible, this being followed by a drought which was equally disastrous. 
In 1894, with the better growing weather, only one cane was reaped which 
commenced its growth after July 2 ; in the 1895 crop 7 out of the 11 classes of 
canes commenced their growth after July 6, and some arose as late as Septem- 
ber. When w’e remember the author’s dictum that “ in normal weather, only 
shoots developed up to July may produce a good stand,” w^e can without 
difficulty conclude that the 1895 crop, being immature, w^as not a suitable one 
on wffiich to found generalizations regarding the relative sucrose contents 
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of the canes of different ages. The sucrose does, it is true, show a regular 
decline in the later formed shoots, but this is exactly what would be expected 
from their increasing immaturity. When, on the other hand, we analyse the 
figures given for the healthy, well matured 1894 crop, it is not easy to follow the 
author’s conclusions. The average weight of the twenty parents was 2 ‘01 lb. 
while that of the 119 branches was 2*03 lb. Among the latter, 89 shoots, 
developed during May and June, weighed on the average 1*97 lb., while the 
thirty later ones, developed in June and July, averaged 2 '22 lb. These figures, 
indeed, rather point to an increase in w^eight in the later formed canes. As 
to sucrose, the 20 parents averaged 13 '42 per cent., the 89 of May and June 
12*27 per cent., and the 30 of June and July 12*47 per cent. Here there is a 
marked difference between parent and branches, but no fall in the sugar 
content of the branches during the season, as claimed by the author. There 
are tw^o canes, however, at the end of the series, which stand out as heavy, 
and three with high sucrose content ; Stubbs draws attention to these, as 
exceptions, without being able to explain their meaning. It is possible, with 
our experience in stool dissections, to throw some light, at any rate, on the 
two heavy ones. 

From the details given by the author on the branching of one plant, we 
can, without difficulty, reconstruct the scheme of its branching. There were 
five mature canes and 12 shoots of 5-6 feet in length, whose distribution is 
given in detail, and the reconstruction is given in Figure 1. This distribution 
is in general agreement with wffiat we should expect in the branching of a 
thick cane in the time. Starting with this as a basis, w^e are also able to build 
up average schemes for the matured canes of the 1894 and 1895 crops, since 
the relative numbers of parents and branches are given in the tables. These 
are given in Figures 2 and 3 for 1894 and in Figures 4 and 5 for 1895. 


Li Ls ^ ts Cl L' bJ.ts ^ 



The two exceptional canes in 1894 crop were produced at the end. of the 
branching season (June-July) and were considerably heavier than those 
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immediately preceding them. The change is rather a sudden one. We shall 
see, in our dissections, that, in any system of branching, while the as or main 
shoots do not differ very greatly from the or branches of the first order, 
there is usually a more marked difference between these two and the rs, the 
latter being generally considerably thicker. It appears to us that, with the 
favourable season of 1894, it is probable that in some of the 20 plants a branch 
of the second order may have matured ; while it is highly improbable that any 
of the 1895 shoots of the same order would be sufficiently advanced to be cut 
as canes at crop time. In this case we should have, among the 1894 plants, 
at least two which had a c branch matured, as is suggested in Fig. 3 of the 
diagram, and this would explain the presence of these abnormally heavy canes 
at the end of the season (f/. PL XXXII, where diagrams of thick cane branch- 
ing are shown^ and Table on p. 147, where the formulae of Louisiana Stri'ped 
md.Loui$iana Purple, grown in the Cane-breeding Station, are given). 

We think that Stubbs is justified, from his figures, in assuming that, in the 
Louisiana climate, the mother shoots are at harvest richer than the branches, 
but we- do not think that Ifis facts are sufficiently convincing to assume 
the regular decrease in sucrose among the }'oui)ger shoots, excepting where they 
are also increasingly immature, as in the 1895 crop. We also do not agree with 
him in his contention that his figures give ground for the assumption that there 
is a gradual decrease in the weight of branches in the order of development, 
as it runs counter to all our experience in the dissections which we have carried 
out, and is not borne out by the figures in his tables. Stubbs’s paper is of 
special interest to us, in that it is the only one we have met with in which any 
care has been taken to separate the branches of different orders. 

The next pieces of work on the effect of spacing on the number of canes 
produced are in 1910, when independent experiments were conducted by 
Kilian and Muller von Czernicki in Java. Kilian’s experiments^ were made, 
with J. 247, a late but good tillering variety, on dry loam, strugge^ ” loam 
and heavy black clay. It is unfortunate that the control plot of the latter 
was destroyed by fire ; this class of soil, namely heavy clay, is apparently less 
suited to J. 247, and the results recorded of the single experiment show that 
some unmentioned factor has intervened. This plot we have accordingly 
left out in the discussion, and confined our attention to the four others, on loam 
of varying fertility. Kilian planted bis seta in rows 4' and 5' apart, and a 
summary of his results is given in the appended table, averaging the duplicate 
plots. 

‘ Geerliga, H. C. Prinsen. TIiq World’s Cane Sugar Industry, Past and Pres., p. 193, l9l2. 

* We have been unable to ti'anslatu this word, but imagiao that thiii loam w less fertile. 
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Number of 

1 Weight of 

Weight of 
sugar obtained 
per bouw in 
pikuls 

Sucrose per 

Spacing of rows 

canes reaped 
per bouw 

cane.s per bouw 

1 in piUnls 

cent, in the 
juice 

f 3J' 

65.089 

2,070 

197 

13-76 

Dry loam ... \ 4 ' 

62,771 

2.056 

201 

14 06 

U' 

f«9,163 

1,978 

199 

urn 


55,135 ! 

2,092 

210 

14-40 

Struege ” loam ... s 4' 

54,175 

2,02.3 

206 

14-58 

( 5' 

50,388 

1,946 

201 

14-81 

Heavy black clay (no 

40.907 

48,277 

l,ai3 

1,745 

1 162 

181 

14-23 

14 60 

control) ^ 5 ' 

40,038 

1,5:16 

158 

14-75 


From this table it is seen that the number of canes harvested decreases 
regularly with the increased width of the rows ; the total weight of cane varies 
in the same sense within narrower limits, suggesting that, with wider spacing, 
the canes are on the average heavier. The quantity of sugar obtained varies 
irregularly, the advantage in one case being on the side of closer planting ; 
the sucrose in the juice, however, is interesting, in that there is a uniform rise 
as the rows are wider apart, and in this respect the aberrant third experiment 
falls into line, suggesting again that the thicker canes have richer juice. No 
reference seems to be made by Kilian to this rise in sucrose with wider spacing, 
but it agrees with the generalization of Kobus and van der Stok that, in the 
same plot, the thicker canes have richer juice.* Kilian is perfectly justified 
in drawing the conclusion that the results do not point to any advantage in 
altering the four- foot rows which appear to be most usual in Java. 

Muller von Czernicki’s^ experiments were on a much larger scale, and 
extended over several years. His work is the moat important contribution 
which we have met with on the effect of spacing on tillering, and the number of 
canes reaped, and deserves careful study. He had noted great variation in the 
spacing on different estates, without being able to find any reasoned justifica- 
tion for the local practices. For himself, on his Poerwodadi estates, it was a 
matter of considerable importance how many sets were used per acre, as much 
of the seed had to be imported and was expensive. He accordingly laid down 
a series of experiments to determine if equally good results could be obtained 
^vith a sparser sowing. He also wished to determine the relative tillering 
power of the different varieties and the time at which the maximum number of 

E. van der St'>k, in Friiwirth’s Die Ziichtung der Landwirth^schafllichen Kuttur- 
flmzen, Ztickerrohr. 

^ Muller von Czernicki, C. F. Proefnemingen omtrent Plant wijdte. Arcliiefv, d. Suikeriid. 

VoL XVIIl, 1‘JlO, p, 314. 
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shoots was reached. At first he dealt with very large areas, planting them 
with rows i and o feet apart. There appeared to be no increase in the number 
of canes with the wider spacing, ratlmr the reverse, and he decided to concen- 
trate on varying the distance of the plants in the rows. But, in this case also, 
the results were inconclusive, and this he put down to the varying soil 'condi- 
tions and the impossibility of planting control plots in such large experiments. 
He therefore instituted a number of experiments on plots one-tenth of a bouw 
in area (practically 17 tenths of an acre or, as it is termed in Madras, 17 cents). 
The rows were, as usual, 4 feet apart and about 30 feet long. In these he 
planted Bloch Cherihon, J. 247 and J. 100, varieties wdiich were of importance 
in his area. The sets were planted 10, 12, 14, 16, 18, and 20 to the row^ Count- 
ings were made of the shoots above ground at 60, 90, 120 and 150 days from 
sowing, w^hich, presumably, roughly coincided with the different earthings up ; 
and, 14 days after the last counting of shoots, he counted the canes formed, with 
a convention which seems to hold in Java of taking tw’o or even three thin canes 
as the equivalent of one thick one. Muller von C^ernicki complains repeatedly 
of the depredations of thieves and other injuries in his small plots ; the presence 
of sereh is also commented on in the plots planted with locally raised seed, 
but these injurias are of less moment in the early countings, in which we are 
most interested here, than in the linal crop. Numerous tables and graphs 
illustrate bis paper and of these one table and tw^o graphs are reproduced, as 
the paper is in Dutch and not easily available. In the table one notes wuth 
surprise the very early geiieral development of branches from the sets, a 
steady decline usually following, after the first couple of months. Muller von 
Czernicki concludes as follow^s with regard to the three varieties tested : — 


The number of shoots counted at different periods, with sets planted at 
different distances apart — MitUer von Czernicki. 

1908 crop. 


Number 


! i 

Ncmbkr of shoots counted at 1 

1 

Crop in 


of sets 
plantei} 
per row j 

1 of plots 
averaged 

1 

1st earth- 
ing up j 

l^nd earth, 
ingop 

’Sir.? 

After the 
last earth 
ing up 

pikuls 
per bouw 
(rt acres) 

Sucrose 
% in the 
juice 




Generatie Gberibon 




10 

1 

m 

122 

1 103 77 

f fli i 

1.398 

15-6 


1 

m 

; 1.^1 

' 108 77 

62 

1,416 


U * 

10 ' 

155 

! 147 

118 81 

66 ! 

1,416 

i 

16 


178 

162 

125 85 

67 

1.404 

1 

18 


167 

1 160 

124 8.5 

68 

1,386 




180 

1 170 

! 130 88 

72 

1,518 

' 15*8 
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The number of shoots counted at different periodsy with sets planted at 
different distances apart — Muller von Czernichi, 

1908 crop — condd. 




Ncmbbk of shoots counted at 



Number 

Number ; 
of plots 
averaged 


Crop in 

Sucrose 
% in the 
juice 

of sets 
planted 
per row 

1st esrth- 2,.d earth-jlrd earth- ealth^W 
ingnp mg up j mg up ^ 

pikiils 
per boiiw 
(l| acres) 

j 


Plantriet No. 247 


in 


120 

150 

1.59 

114 

95 

1,728 

12 


m 

171) 

166 

lU 

92 

1,554 

14 

8 

153 

175 

167 

115 

92 

1.1V2 

IS 


165 

187 

173 

117 

96 

1,530 

18 


180 

196 

18(1 

119 

97 

j 1,.506 

20 


190 

212 

192 ; 

122 

1 100 

1,536 


Generatie No. 247 


in 

i 

161 

m 

148 

122 

101 

1,536 

12 


191 

178 ; 

155 

122 

98 

1,422 

U 

28 

203 

188 

154 

120 

95 

1,446 

16 


224 

192 

160 

122 

90 

1,416 

18 


232 

202 

160 

122 

95 

1,446 

20 


240 

206 

1 160 

124 

1 

96 

1,410 


Generatie No. 100 


98 

128 

124 

100 

82 

1,140 

124 

no 

124 

104 

83 

1,200 

127 

148 

123 

104 

S3 

1,220 

. 142 i 

150 

128 

104 

S3 

1,220 

j 157 ’ 

146 

126 

106 

86 

1.320 

1 16S 

I 

156 

124 

100 

86 

1,320 


Cherihon has the greatest number of shoots at 60 days, that is at the 
first counting ; in the rows with ten seta the maximum is a little 
later, but at 150 days from sowing all the plots are approximately 
equal. 

J. 247 tillers more slowly. When planted from sets, the maximum 
occurs at 90 days, and, in the 10 sets plot, at 120; when planted 
from tops, because presumably of the greater number of buds, the 
course of events is practically as in Cheribon. 

J. 100 (of which only three plots were planted) reached its maximum 
number of shoots early, the plots with 18-20 sets at 60 days and 
the rest at 90 days, and after that period there was little difference 
in the plots. 




Shoot-counting table, copied from Muller von Czernicki. 
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All inspection of the table and. graphs will convince the reader of the 
greater tillering power of the widely spaced plants, where of course there were 
considerably fewer plants to the row, and the subsequent great mortality of 
shoots which soon reduced the numbers, till they were more or less uniform 
in all the rows— all the available light being used up. 

The author draws the following conclusions regarding the possibility of 
reducing the number of sets planted per acre. This is of special importance with 
the costly imported material, and he points out that, with Ckeribon and J. 100, 
it can be substantially diminished with safety. This also applied more or less 
to locally grown seed, but the danger of sereh is greater and the cost of the 
seed is much less, so that no change is suggested. 

The experiments were repeated in 1909, with 8-20 sets per row, as it seemed 
to Muller von Czernicki that the lower limits of sowing had not been reached. 
The results confirmed those of the previous year. In J. 100, owing to a mistake, 
there was only one plot, but in the row with 8 sets a full stand was easily 
reached. 

Muller von Czernicki makes certain observations as to the sucrose content 
of the mother cane and its branches. He states that some people seem to 
believe that the mother canes are richer than those developed later, but he 
cannot find any grounds for this belief. “ After many years of observation,” 
he has come to the conclusion that, provided that canes are ripe, there is little 
or no difierence in this respect. He points out that the definition of mother 
shoot is a very loose one, and quotes Hovenkamp as saying that mother 
canes need not be primary stems, but are the thicker and richer canes. ” AVe 
see elsewhere that the assumption is unwarranted, in that the canes of the third 
order of branching are almost always thicker than the mother canes. And we 
fail to see in what respect Muller von Czernicki ’s own deductions are more 
accurate, in that there are no references to stool dissections, and, without 
these, it is practically impossible to decide which the mother canes are. He, 
however, approaches the matter from another point of view. With closely 
planted sets, there will, he argues, naturally be more mother canes than in 
widely spaced rows, and this must make its influence felt, if there is richer 
juice in them, than in the branches ; but he has not been able to detect any such 
difference. Muller von Czernicki ’s deduction would appear at first sight to 
he perfectly sound, but he does not go far enough. There will certainly be 
fewer m in wider pacing, but we do not know whether the relative increase 
in the numbers of branches of the lower orders is in the 6s, cs, or possibly ds. 
Again^ in closer planting, there will be a greater proportion of oa in the canes 
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reaped, but here also we are in the dark as to whether this is accompanied by 
a diminution of the relative numbers of ca and ds, which might give the 6a a 
predominance over them. This side of the question is of some importance, 
for we shall see later that, while the ua and 6s are often very similar, the cs and 
ds differ radically from them, and the question is thus not only influenced by 
the relative number of as in the plots, but also whether the as and 6s on the 
one hand or the cs and d^ on the other are in relative excess. Until we have 
more definite information on these points, we should prefer to rely on the actual 
analyses of early and late canes as given by Stubbs and carried out for some 
years on the Cane-breeding Station at Coimbatore ; but these latter mW be 
referred to later. 

Muller von Czeniicki states that he has often noted the differences in 
thickness of canes sparsely and closely planted, especially in the 1909 experi- 
ments, and he decided to test this more carefully. He therefore measured 50 
canes from each plot in the following manner, making altogether 1,000 measure- 
ments. He used a pair of calipers which be moved round’ the stem until it 
encountered the greatest resistance, and took the measurements at about 
one metre from the ground at the middle of an internode. His results are 
given in a series of tables, in which the canes are arranged according to their 
thickness in each plot, with differences in millimetres. From these measure- 
ments in thickness he deduced the weight of the canes. By using a formula he 
calculated the difference in average weight of canes in the rows with 8 and 18 
sets, the extremes of the series. This difference varied from 10*5 per cent, in 
imported CJieribon sets, to 17*6 per cent, in local J. 247. The average of 
these differences in the four kinds of seed used was 14 per cent., which 
means that 86 canes in the thinly sown rows would equal in weight 100 in the 
closer planted rows. In these deductions be assumes that the plants in the 
different rows were of equal height, hut he himself observes that this was by 
no means the case ; he therefore concludes that for accurate determinations 
of the weights of individual canes direct weighings will alone suffice. 

Striiben, in his paper on Tillering (1911), already mentioned, collates 
numerous countings of canes made by different workers, under the most varying 
conditions of climate, soil and treatment, and concludes that, within narrow 
limits, each variety shows the same canc-producing capacity, limits narrow 
enough not to be of appreciable influence from the crop point of view. He 
further gives the results of a series of experiments conducted by himself on the 
lines laid down by Muller von Czernicki. He experimented with J. 247 and 
placed 6, 8, 10, 12, 14, 16 and 20 sets in separate rows of the same length, 
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counting the canes at harvest in each case. The following table summarizes 
liis results 


Canes reaped at harvest. 


Sets per row 

J. 100 : heavy clay ‘ Cheribon : fertile land 

Gheribon: infertile land 
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Looking at the hgures as a whole, there is a general rise in the number 
of canes, at first rapid and then slow, as the number of sets per row increases ; 
but this rise appears to receive a check when 12-14 sets per row are reached, 
and after this there is usually equality or even a alight decline. In only tw^o 
cases of the six is there anything like a general rise throughout. But the 
counting of fully formed canes is not a true measure of tillering power, and 
Strliben’a figures do not help us in this respect to the same extent as do those 
of Muller von Czernicki. , 

The question of tillering power of the canes in the field, and the effect of 
this upon the harvest, is thus seen to be somewhat complicated. The number of 
canes reaped at harvest is connected vnth the tillering power, but this connection 
is obscured by the great mortality of shoots during the growth of the plants 
and is therefore less close than might be expected. Similarly with the weight 
of canes at harvest ; the weight of individual canes in the clump probably 
varies according to the date of appearance, and the average weight of cajies 
varies with the closeness of planting and the corresponding number of total 
canes produced, The total yield of sugar depends upon the weight of the 
individual canes, their number and the richness of the juice. There is some 
evidence that the amount of sugar in the juice differs in branches of different 
orders. Spacing the planting material has its influence on all these factors, 
and it may be useful to summarize the views of the different writers already 
quoted, and to add such observations on the subject as have been accumulated 
from time to time on the Cane-brceding Station. The subject will be treated 
in the following order : — The effect of spacing on the tillering powder, as judged 
by the number of shoots produced per clump, and by the number of canes 
produced per clump at harvest ; on the thickness and w^eight of the individual 
canes and the total w^oigbt of canes reaped : on the total yield of sugar in the 
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crop. A note will then be added on the richneas of the juice in branches of 
different orders in the clump. 

(a) Effect of spacing on tillering as judged hy the number of shoots pro- 
duced per clump. Stubbs, in 1892-93, showed that, by planting the seta at 6", 
12" and 18" apart, the number of shoots produced differed a good deal. At 
three months after planting the 6" plants had, on the average, I’l shoots each, 
those at 12" had 5‘8 shoots, while those at 18" had 6’4 shoots per plant. Observa- 
tions have not as yet been made on this point at the Cane-breeding Station. 
The following figures have been deduced from those published by Muller von 
Czernicki and referred to above. We have obtained them by dividing the 
maximum number of shoots in his countings by the number of sets in the row. 
The cases selected are the extremes and an intermediate one, namely, where 
sets were planted 10, 14 and 20 in the row. The following are the maximum 
numbers of shoots for these spacings : Cherihon (tops), 12-4, 11 T and 9'0 ; 100 

(tops), 12*5, 10'6, 8-4 ; J. 247 (tops), 16-8, 14’5and 12-0 ; J. 247 (sets), 15'9, 12-6, 
and 10‘G. The extreme differences in these spacings are roughly as 3 to 2 
shoots per plant for the wider plantings. 

(h) Effect of spacing on the total number of canes per clump at harvest. 
We are able to get more cases in which this has been observed, in that countings 
of canes at harvest appear to have been made regularly for many years in Java. 
Stubbs gives the figures for the canes at crop time (seven months from planting), 
in Louisiana, and from these Ave find that the number of canes per clump 
at 6 is 2*2, at 12 , 3*7 and at 18 , 4*9. Comparing these figures with those in 
section (a) we see that, although a number of shoots had died, the ultimate 
differences had increased. 

Kilian gives the number of canes at harvest per houw (1*75 acres) when 
the rows were 3|', 4' and 5' apart, and we can obtain propcitional figures for 
the number of canes per clump hy multiplying these two sets of figures together. 
It is to he noted that the differences in spacing were not nearly so great as in 
Stubbs’ experiments, but the results are still very definite. Taking the table 
given on p. 82, we get the proportional numbers as 4*6, 5*0 and 5*9 canes per 
clump in the richer land and 3*9, 4*3 and 5*0 in the poorer. 

Muller von Czernicki does not give tlie numbers of canes at harvest, but 
counts them at 5-6 months, using the Java convention of taking two or three 
thin canes to one thick. Selecting the rows as before with 10, 14 and 20 sets, 
we get the following figures 

Cherihon (tops), 6*1, 4*7 and 3*6 ; J. 100 (tops), 8*2, 5*9 and 4*3 ; J. 247 
(tops), 10*1, 6*8 and 4*8 ; J. 247 (sets), 9*5, 6*6 and 5*0. Here again there is an 
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increase in the differences in the numbers of shoots produced per plant 
as the period of harvest approaches, which is not to be wondered at, as 
the effect of the spacing should be cumulative thioughout the growth of 
the plant. 

The same author conducted spacing experiments on a very large scale, 
the plots extending over 100 bouws (175 acres) with sets planted roughly 
as 2 to 3 for the same space. This again is a smaller difference in space allowance 
than Stubbs’s, but the results are obvious enough- The numbers of canes per 
bonw are practically equal, showing that the effect of the spacing was that 
each clump, on the average, produced half as many canes again in the wider 
planting. 

Wider spacing thus has a marked influence on the maximum number 
of shoots developed per plant ; this effect is cumulative, during the period 
of growth, and is therefore intensified at the time of harvest. 

(c) Effect of spacing on the thickness or weight of the individual cane. 
Stubbs gives the average weight of cane when the sets were planted 18", 12* 
and 6" apart, in lb. as 2*60, 2 '49 and 2' 17. Kilian’s results are less conclusive, 
but the distances apart in the 4' and 5' roAvs AA’cre very much less. 
The relative weights in the two tables were as 3*2 to 3-3 to 3*35 and 
3-8 to 375 to 3 ‘85. There is thus practically no difference in the weights 
of the canes. Muller von Czernicki dealt rather carefully with the thickness 
of the cane, and he deduced the weights on the assumption that the canes 
were of equal height (which he states from observation is not perfectly 
correct). He measured the canes at 5-6 months with calipers, in the rows 
with 8 and 18 sets in them. The result that be obtained from a large 
number of plots was that the canes in the 8 sets plots were 14 per cent, 
heavier than those of the 18 sets plots. Other observers, notably Kobus 
and Van der Stok, emphasize the fact that AAuder spacing increases the 
thickness of the individual canes, and it may be considered therefore as 
iucontestible. 

(d) Effect of spacing on total weight of canes at harvest. A wider spacing 
therefore produces more canes per plant, and these are thicker and heavier. 
But there are fewer of these plants to the acre. Stubbs gives figures for the 
total weight of canes reaped, with bis spacing of 18", 12" and 6" in the roAv, 
as 37 ’24, 41 ’6 and 42*55 tons per acre, a distinct though small advantage for 
the closer planting. Kilian’s figures agree, taking the smaller differences into 
account in his spacing experiments. The total weights of canes in the 3^ , 4' 
and 5^ rows were, in pikuls per bouw, 2070, 2056 and 1978 respectively. 
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Muller voii Czernicki in his lar^rer plots of 3-5 acres obtained “ no advantage 
in yield by planting widely (5' instead of the usual 4'), rather the reverse 
but the experiments he considered unsatisfactory because of variations in soil 
and tlie impossibility of having any controls, in his carefully controlled 
smaller plots, again selecting tlie rows ^\ ith 10, 14 and 20 sets in them, he gives 
the following weights of canes reaped in pikuls per bouw, Cheribon (tops), 
1398, 1416, 1518 ; J. 100 (tops), 1140, 1220 and 1320 ; J. 247 (tops), 1536, 1446 
and 1410 ; J. 247 (sets), 1728, 1452 and 1536, respectively. These figures are 
in favour of closer planting in the Cheribon and J, 100 plots but in the J. 247 
they are inconclusive, and in fact have higher yields in both cases with the 
wider planting (Has this anything to do with the known greater tillering 
power of this variety ?). 

On the whole, there seems to be a general concensus of opinion that wide 
planting reduces the yield in canes at harvest and the best distance apart 
will have to be decided for each variety, climate and soil as the result of 
experiments on the spot. With the generally higher yields of closer planting, it 
becomes a matter for the balance-sheet, especially where the sets are costly, 
for the price of the latter may then easily exceed the advantage gained by 
planting more sets to the acre, as was the case in the Samalkota tract referred 
to above. 

(e) The wfiiience. of spacing on total yield of sugar. The factors of 
moment in the yield of sugar per acre are very numerous. The variety 
grown, the climate and soil, the character of cultivation, the elficiency of 
the manufacturing side, the number of canes per acre and their thickness, and 
the richness and quantity of juice, are all concerned. It is difficult to 
quote experimejits where the eficct of all these factors have been considered, 
but the various workers have given their opinions and these may be summa- 
rized, in tliat they are in general agreement. Within fairly wide limits, close 
planting appears to give a greater yield, but this is chiefiy where the general 
level of cultivation is low. The local rate of planting is, in India, frequently 
excessive. This was clearly shown at Samalkota where the same yield in 
jaggery was uniformly obtained Avith thick canes by planting half the sets 
generally used. Similar results were obtained as to the maximum yield of 
gur in the experiments at Partabgarh, where, however, only one local cane was 
experimented with and that of course was a thin indigenous one. A somewhat 
similar result appears to have been obtained by Stubbs in Louisiana, for he 
recommends for the maximum crop the planting of the sets 6" apart in 5' to C 


rows. 
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As to Java, Kobus Jays it down as the result of his obaervatioiLs and experi- 
ments that even a difference of 10 per cent, in the number of canes per acre may 
very well go with the same yield of sugar. From this, we gather that the number 
of canes, which we have seen to be influenced by spacing, is not too closely con- 
nected with the yield of sugar, and therefore that the effect of spacing is of 
little import within moderate limits. This statement of Kobus is taken up by 
Striiben, who argues in its favour and states that the Editor of the Archief^ 
the principal organ of the Java industry, has long held the same view. 
Kilian’s experiment of planting canes in rows, 3J,' 4' and 5' apart, gave results 
troni which he gathers tliat, in J. 247, the current distance of 4^ cannot be 
altered with advantage. In the two (Controlled experiments on dry loam, 
the yields of vsugar in pikuls per bouw for these spaciiigs were respectively 
197, 201, 199 and 210, 206 and 201 ; while another uncojitrolled experiment 
on heavy black clay gave 162, 181, 168. Muller von Czernicki found, in crop 
experiments of 3 to 4 acres each over 175 acres, that a spacing varying as 2 : 3 
made practically no difference as to yield of siigai'. We may therefore con- 
clude, that, witli gfiod oultlvatiou, the yield of sugar, influouced as it is by so 
many £a(ctors, has no intimate relation to the spacing of the plants, and that 
this may accordingly vary within moderately wide limits without disadvantage. 
These limits liave to be deterjuined in each place and witli each variety 
separately. 

(7) Note on the relative riohnkss of the juice in branches of 

DIFFERENT ORDERS. 

Kobus has made an oft -repeated generalization, after years of experiment, 
that, in a cane field, “thicker clumps have heavier canes and richer juice.” 
Van der Stok also asserts that, in a general crop, the thick (.*anes have more 
sugar in their juice. ^ Stubbs showed that, in the Louisiana crops, tlie mother 
canes had richer juice than the branches fjom it, but he failed to (convince us 
that the earlier branches also had better juice than the later. In Java, viiters 
generally take exception to this imputed superiorit}' of the mother canes, and 
Muller von Czernicki asserts his conviction that, provided the crop rijiejis, 
as it generally does there, there is no difference in the juice of the different 
orders of branching. This rather discounts the T.oiiisiana results, for a crop 
reaped at seven months from planting can hardly be considered by cane growers 
in the tropics as properly matured. But, on the otlier hand, we liave failed to 


^ J, E. Vander Stok, in Friiwirth’s Die ziijohUviig der Landwirlh-Hchujtlichen Kultnr-fianzen 
Zucktrrohr 
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discover any indication that the true character of the branches has been deter- 
mined in Java. After a good many dissections, we conclude that it would 
be a very difficult thing, without experience thus gained, to detect which are 
the mother canes of the crop. There seems, in general, to be a tendency to 
assume that these are thicker than the rest, but our results are exactly the 
opposite, as will be seen in the sequel (Part III, section 6). We cannot there- 
fore think that the opinions on this point either in Louisiana or in Java are 
altogether trustworthy. 

A certain amount of work has been done at various times in the Laboratory 
of the Cane-breeding Station, on the richness of the juice in the difierent 
canes in the clump during gro\v1;h and at crop time. In our study of early 
and late canes, we made use of the members of the Pansaiu group, because, 
before we had made our dissections, it was easy to distinguish between the 
early and late canes. Some of the results of this study have been given in 
Memoir II (p. 159), where it is shown that, in several varieties {Maneria, Kahu, 
Yuha and Pansahi), it was easy to separate the different classes of branches 
at crop time, and that, in their analysis, the earlier formed canes were invari- 
ably richer in their juice than the later. At the close of the 1917-18 crop, an 
attempt was made to divide the cut cancs into classes, by observing the charac- 
ters by which the branches of different orders could be separated, starting with 
thickness of cane and, where necessary, introducing length of basal part, 
average length of lower joints, curvature, etc. This separation was, as usual, 
found to be specially easy in the members of the Pansahi group. One hundred 
canes were thus dealt with in each of the varieties dissected and these were 
divided into their appropriate classes and separately analysed. The results 
obtained in the members of the Pansahi group are given in the table, and w^e 
see that they agree quite well with those given in the previous Memoir. In 
Maneria^ the percentage of sucrose in the different classes from earliest to 
latest was 14-25, 13 '74, 13 ‘63, 13 ’57, 9 ’80, and in Yuba 15-17, 14'86, 13'14j 
12-53 and 12-40. 
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Relative richness of juice at harvest in different dosses of canes 
in the Pansahi group. 
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In tile remaining members of the group the first formed canes had less 
sucrose than those immediately following, but this result is not surprising, 
in that in these varieties the first formed canes are marked as “ dried up,” 
We have, from the first, been accustomed to choose the Pansahi class for demon- 
stration of any character which it was desired to empbaoize, as there is some- 
tiling peculiarly regular in the growth, of these canes, whether in the symmetry 
of the branching, the regularity with which the characters of the branches of 
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different orders are displayed or the variation in the sucrose from early to late 
formed canes; and we have recently discovered that a study of the joint 
curves of the Paiisahi varieties shows that there is a well marked periodicity 
in the growth during the season. i But it is a question whether this almost 
mathematical regularity in growth' is shared by other classes of indigenous 
canes or is merely a character of this strongly marked group. And the answer 
to this question is at present by no means easy to give. 

A reference to Memoir II (p. 159) will show that, while it was easy to 
separate the Pansahi canes into classes, this was found to be next to impossible 
in the other varieties examined at the same time, Ekar^ Barouhha and Kagkzu ; 
also that, when the attempt had been made, there was no trace of the regular 
decrease in sucrose in the branches of succeeding orders. Assuming that it 
would be much easier, with our increased knowledge of the characters, to 
separate the as, 6s, cs, da, etc., of each clump, all the other varieties which had 
been dissected were treated in the 1917-18 crop as were those of the Pansahi 
group. Unfortunately, in my absence, and through a misunderstanding, 
the work w'as not done until May, when most of the canes, at any rate the 
earlier ones, were overripe or withered. The members of the Pansahi class 
seem to have been little allected by this, but it may be the cause for the other 
varieties failing to show any regularity in the richness of the canes of different 
orders of branching. On a study of the results of analysis, the figures are so 
irregular that no object would lie attained by their reproduction here, and 
they are merely recorded in the office hies for future reference. There is no 
trace of the regular decrease in sucrose content from the early to tlie late canes 
in these tables, and the matter must be left undecided, until a more satisfactory 
series of experiments can be conducted. But, on considering the matter 
carefully, it occurs to us that it will be a matter of some difficulty to conduct 
such a series of experiments. As each clump approaches maturity, the average 
richness of its canes increases. This also occurs in each of ita individual canes, 
but they do not run parallel in tbeir improvement, in that the earlier ones 
will be ripe before the later ones. It appears, from a great number of analyses 
which we have made at various times, that, while the plants are young, there 
IS a great difference in the rich ness of the juice in the canes of different orders 
of branching, but that this diSerence gradually diminishes as the usual harvest- 
ing time approaches; and, when it has passed, that the juice of the earlier 
formed canes commences to deteriorate until it is distinctly poorer than that 

1 A paper was preseriteii at the Lahore Science Congress, Jant 1918, in. which this 
periodicity was dealt with. (The subject is further dealt with in a Memoir now in the press ; 
February 19190 
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of later formed branches, which in their turn approach their optimum. This 
being the case, there will be a point of time in the life of each clump when the 
juice in the early and late canes tends to be of about the same richness, a period 
of equilibrium which may be regarded as the optimum of richness in the juice 
of the whole clump. It is probable that this point of time will vary in' each 
clump of the same variety, even under the same conditions ; it is likely that it 
will vary more in different varieties of the same group, and still more in the 
different groups. Besides this, the maximum richness of the juice in the clumps 
in any variety will naturally depend upon whether it is an early or late maturing 
kind. Mungo and Sunnabile varieties are later in maturing than Nargori 
and Baretha, and this opens up the question as to when the optimum as regards 
sucrose in the juice occurs, as it will of necessity be different in different varie- 
ties. Reaping all the canes at one time will therefore not be likely to give the 
desired information, for, while in some the ns are the richest, in others these 
will be overripe and the bs or cs will have taken their place. In the Pansahi 
group of canes there is evidence that, generally, the os are richer than the 6s, 
and so on throughout the series of canes in a clump, but we have not at present 
been able to adduce satisfactory evidence that this is the case at crop time 
in the other varieties dissected. Wo may therefore, for the present, regard 
the matter as left for further observation and experiment, and our increased 
knowdedge of the characters by which early and late canes can be detected in a 
clump should assist in the carrying out of this study. 



PART III. DISSECTION OF STOOLS. 

(1) Scope of the work. 

The number of cane plants dissected for the purpose of this paper is very 
large, as can be seen from the annexed table (pp. 99-100). It has been attempt- 
ed to make them as representative as possible of the varieties collected on the 
Coimbatore farm. The growth of the indigenous canes there is, in general, 
fairly good, although some have shown themselves to be much more at home 
than others in the farm conditions, but the thick canes are often not well grown, 
and comparatively few of these were therefore chosen for dissection, and these 
rather for distinguishing them from the Indian canes than for comparison 
among themselves. As the canes of this class were thriving much better on 
the garden and wet lands of the Nellikuppam plantations in South Arcot, 
permission was obtained to send a man there for the completion of the series. 
I am much indebted to Mr. Neilson for bis kind assistance in this matter, and 
the work seems to have been carefully done by Fieldman Rangaswami Pillai, 
who was in charge of it. We can thus add, to the series, the dissection of 24 
clumps of well grown Red Mauritius canes, six each in w^et and dry land, and 
a like number of ratooned clumps. All of the other dissected plants were grown 
on the Cane-breeding Station. 

In ranging over so wide a field of study, as indicated by the list referred 
to and, so to speak, breaking new ground all the time, it was inevitable that 
many side issues should present themselves, of sufficient interest for further 
study. There were few mornings, devoted solidly to dissection, which passed 
without leaving on the mind some new idea as to the direction of the work. 
Most of these side issues have been prosecuted for a longer or shorter period, 
to give place in their turn to others, which obtruded themselves by the occur- 
rence of starthng examples of what had been casually noted before. The 
danger of this varying aspect of the work is obvious, both from the point of 
view of dissipation of energy and of obtaining a connected account, but the 
observations have, without doubt, afforded an insight into the growth of the 
cane which could not have been obtained otherwise. 
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As instances of these side issues, some of which were early incorporated 
in the work, while others were abandoned after a shorter or longer period of 
observation, may be mentioned the following. In not a few cases, hints were 
obtained as to subdivisions and cleavages in the groups of canes, by transitional 
forms, and these will be referred to later. In the young plants, the relative 
rates of cane formation in different varieties and groups, the varying length 
of the tillering period, the relative abundance of the buds of different orders, 
tbe large proportion of great white “ clawed ” buds in certain varieties 
which suggested a series of broods or flushes of branches, the relative 
rapidity of development of the main shoots compared with the side branches, 
and the form assumed by the young branches, often seen in the form of a fan 
at first, and quickly rearranging themselves to an orderly bunch. 

In the older plants, the frequency of a symmetrical arrangement, in 
ground plan, of the branches when viewed from below, the arrangement 
and the orientation of the buds on successive branches, the suppression 
of buds on the inner side of the branches or where congestion occurred ; 
the differing basal curvature of branches of different orders, the squeezing 
out of branches once formed, the way in which in some groups the 
branches rapidly became parallel while in others they curved outwards 
symmetrically or developed into an iiTegular mass, the manner in which 
the bud below a set curved upwards, and so on ; the relative develop- 
ment of the middle and end buds of a set and the relative value of the 
position of a bud, whether underneath the set, at the side or on the top ; the 
varying length of the basal, short-jointed portion of the cane in branches of 
different orders, the effect on this of curvature, with the general result that the 
mature form of the cane was not assumed until the curved portion w’as passed, 
the varying length of the joints in the first two feet ; the different periods 
at which the final cane crop could be safely forecasted by tbe presence or absence 
of great shoots on the plant, the application of this to the order of dissection 
of the varieties ; the changes in thickness and shape of the cane, the occasional 
presence of transverse or median flattening and the relative tereteneas of the 
branches at two feet from tbe base in different varieties, the narrowing or 
thickening . upwards after the average thickness had been attained, this varying 
both in different varieties and in the branches of different orders, the thickne.ss 
and woodiness of the branches at their origin and the consequent firmness of 
attachment ; the difficulties experienced in dissection and in the formation 
of diagrams and formulae, due to the breaking off of branches, the intricacy 
of their development, the squeezing out of shoots, the nmnerous deaths, the 
occasional presence of facultative branches, where a branch of a higher order 
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assumed the characters of one of a lower order which had died, and particu- 
larly the difficulty of obtaining representative clumps and plants in certain 
varieties ; the relative incidence of different diseases, such as mealy bug in the 
young shoots, the deformations caused by moth-borer and white-ants and the 
extraordinary manner in which some varieties appeared to be immune to any 
infection of red rot ; the effect of all these factors on the varietal characters, 
and the frequent geographical grouping of subdivisions brought out 'by them. 

It is thus not surprising that, during the course of the work, the general 
scope of the observations has from time to time undergone some modification, 
and it was not until the second year that a full scheme was developed for the 
study of each stool dissected. In some of the tables of measurements, only 
the dissections during 1917-18 are therefore considered. It was obvious that 
it was necessary to drop most of the side issues, after recording a note, as soon 
as a decision had been arrived at, and the following were the main lines followed 
ill the second year, in which by far the larger number of dissections were made: — 
the evolution of a scheme of branching for each plant, variety or group and the 
discovery of a suitable formula and set of conventions for expressing this ; the 
relative thickness of each cane at two feet from its base, the length of the basal 
thickening, short-jointed portion, and the number and length of the joints 
in the first two feet after this basal poition had been passed ;the rate of matur- 
ing of the young plant as regards cane-formation ; the presence of curva- 
tures at the base, runners, deaths, injuries and abnormalities of all kinds, etc. 
Details on these points are recorded in every dissection, and the various sum- 
maries and conclusions contained in this part of the Memoir have been derived 
from them. 
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List of chimps and plaids dissected. 


Group 


Saietha 


Variety 


G a n d a 
Cheiii 
Cbin 

H u 1 1 u 
Kabbu 
Katha 
Khari 
Saretha 


Totals for group 

Nargori , Baroukha 
Katai 
Kewali 
Nargori 
Newra 
j Sararoo 

Totals for group 


•SunnabiU: 


Bansa 

Ban si 

Dhaulu 

T)hor 

Kaghzo 

Mojorab 

Naanal 

Sunnabile 


Totals for group 


Mungo 


Henija 
Katara 
Kharwi 
K us war 
Mungo 
Uheora 


Totals for group 

Ransahi ! Chynia 
Kahu 
Maneria 
Pansahi 
S a d a 
Khajee 
Yuba 

Totals for group 


Unclassi- 

fied 

Indigen- 

ous 


Dhaulu of 
Phillaur 
Ikii 

Kassoer 

(Java) 

Khagri 

Kkelia 

Teboe 

Monjet 


Totals per set 


Young 
(nsUALLV 
3-4 months) 


Old 

(usually 

8 MONTHS) 


Young ■ 

(USUALLY 
3-5 MONTHS) 


Clumps 


Plants j Clumps 


16 

5 


Plants j^jCIumps 


14 

2 


Plants 


16 

4 


16 


12 

2 


5 

6 

4 

13 

7 


6 

5 
4 

6 
3 

29 

6 

'2 

13 


m 


17 

3 


7 

11 


6 

5 

5 

3 

4 

5 

2S 

5 

6 
5 


32 


Old 

(USUALLY 
8-9 MONTHS) 


Clumpi 

8 Piints 

2 

5 

2 

5 

2 

6 

2 

6 

2 

0 

4 

i » 

14 


2 

i i 

2 

5 

2 

5 

2 

i 4 

2 


2 

i 3 

12 

26 

2 

5 

'2 

i'o 

2 

4 

2 

•7 

6 

2 

6 

12 

3 ^ 

2 

11 

4 

12 

2 

4 

2 

7 

2 

8 

2 

13 

14 

55 

2 

2 

2 

5 

0 

6 

2 

6 

2 

3 

2 

4 


26 

i 

2 j 

9 

2 

4 

2 

3 

2 

6 

2 

4 

- ‘j 

5 


12 I 31' 
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(2) The general course of branching. 

The sprouting of the buds of the set and their rapid transformation into 
cane shoots has been described in Part I of this paper {cf. pp. 46-50 and Plates 
[V-VIII). The bush resulting from the planting of a set is termed a clumps 
As there are several buds in each set (usually three in India), and each may 
give rise to an entirely independent set of stems, leaves and roots, we shall 
find it convenient to reserve the term plant for all that rises from the grovHh 
of a single bud. Similarly, we use the term shoot for any single axis which deve- 
lops successive leaves at its apex and, in course of time, forms a cane. This 
distinction between clump and plant has been introduced in the preceding list 
of dissections, for it is obvious that the development of each plant will depend 
on the amount of space available, and this will be found expressed in the for- 
mula and diagram of its branching system, later on. Theoretically, with 
sufficient time and space, the development in any cane plant is practically 
unlimited, but we find, in practice, that there are certain limits in each variety 
beyond which the branching rarely goes, and that there are considerable differ- 
ences in groups and varieties in this respect. The joints in the Mungo group are 
very short, and, in cutting the sets for planting, no care is taken to cut them so 
that they have only three buds, but a portion of the plant is cut off about the 
usual length. In our dissections in this group we have accordingly frequently 
met with a large number of plants in the clump. On Plate XVT the dissection 
diagrams of two young Hemja clumps are shown, with six and eleven plants 
respectively. Compare with these diagrams those on Plate XXX, in which an 
older clump of Hemja with four plants, and one of Kuswar with only one plant 
are shown. The numbers of living shoots in these clumps are as follows : — 
Hemja four plants 33, six plants 31, eleven plants 31, Kiisivar one plant 24. 
The formulae for such plants cannot reasonably be compared with those of 
other varieties where only three buds normally occur. It thus becomes a 
question whether, in preparing our diagrams and formulae, the plant or clump 
should be considered the unit. There are, in every form, weak plants in which 
only a few canes are developed, and, taking a strongly branching form such as 
Ynha, we have the following formulae for the four plants dissected: -1-36 -pic 

and la-f 76 + 16c -p 8(^-1- le from one clump, and lft+36 + 5c + 2t^ and la + 56 + 
5c + l(? from the other (PI. XXIII). Here we see a considerable difference 
between the development of the plants in the first clump, and there are far 
greater differences in other cases, where some of the plants consist of only one or 
two canes. On further considering the great number of individual plants in the 
clump in the varieties of the Mungo group, it thus becomes doubtful whether 
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the formulae obtained for separate plants will be of any morphological value. 
Undoubtedly, if we planted a series of single budded sets, we should expect 
better data as to the tillering power of different varieties, but this would greatly 
limit the field of observation. We have, however, instituted such an experiment 
during the present season, with the added factor that each plant is allowed 
as much room as it is likely to be able to occupy. Meantime, it has been found 
that, with the large number of dissections made, the average formulae obtained 
for different varieties are of service, and that the varieties examined differ 
sufficiently for their mode of branching to be added to the already numerous 
classification characters which we have observed in our study of indigenous 
Indian cane varieties. We have, indeed, an additional advantage in this 
variation in development of the individual plants, namely, that in each case 
we have a series of plants of different sizes, and are thus in a better position to 
judge of the ultimate possible development in each case. Rut, even if the 
limiting of our formulae to the plant proved unsatisfactory, we could always 
at once deduce those for clumps by adding the respective plant formula) toge- 
ther, whereas we could not make the convei-se adjustment. And, lastly, it is 
difficult to see how the diagptm could be prepared with more than one original 
main shoot. 

At the commencement of our work, it occurred to us that the position 
of the buds on the set might possibly have an influence on their grovdh. Thus 
the end buds of the set might, because of more room, develop into stronger 
plants, just as they do at the ends of the rows. But, as the result of many 
observations, we have not been able to trace any difference to this cause, as 
sometimes the middle bud was the largest and sometimes the end bud. The 
plants are apparently too close together for this factor to have any influence. 
Similarly, the relative positions of buds above or below the .set had apparently 
no influence on the ultimate development of the plant, the arrangements where- 
by the shoots can alter their position being so perfect that they soon were 
able to place themselves in an equally favourable position (cf. PI. VII, fig. 1, 
and also Note on p. 51). 

"We have seen that the bud on a set, on sprouting, develops more or less 
rapidly into a shoot consisting of joints, leaves, buds and roots. At an early 
stage of growth, the buds, especially the lower ones, push their way through 
the enveloping leaf sheaths and also form similar shoots. We indicate the 
main shoot by the letter «, and use 6s for its branches, or those of. the first 
order ; the 68 in turn give rise to cs or branches of' the second order, and fuithei 
branching proceeds on similai lines to the cs,/s, etc., according to the variety 



PLATE > 


Hemja 1917 (4 mokifhs old ) 

One clump with eleven plants 


Tcf 



Hem|3i 1911 (4 wontVis old) 

One clump wifln six plants 



Diagrams of branching system in the plants of two Hemja clumps. These figures show 
what a number of small plants are sometimes found in each clump — which 
interferes with the comparative plant formula in the Mungo group. 


■4a ^ 
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or species and the amount of energy which each individual plant possesses. 
The h develop more quickly than the r^s, the cs more quickly than the 6s and 
so on, until towards the end of the season when the energy available has been 
largely used up. This increasing rapidity in development is not to be wondered 
at, when we consider the larger mass of leaves and roots and the greater thick- 
ness of stems with their store of nutriment, as time passes and the plant becomes 
larger. This difference in the rate of growth in branches of successive orders 
leaves its impress on the final form assumed by the individual joints, especially 
the lower ones, and this makes it easy to deduce the previous rate of develop- 
ment from an examination of the dissections. At the point of origin, each 
shoot is extremely thin, and its first effort is to increase its thickness, until that 
appropriate to the variety has been reached. We have, empirically, but as 
the result of many observations, assumed that, until the joints reach about 
one inch in length, the shoot is still in this preparatory thickening stage, and 
also engaged in the process of branching, for most of the branches are found in 
this basal, short-jointed portion. And we thus obtain a useful indication of 
the rate of development of any shoot, by measuring the length of the portion 
before joints one inch long are reached. The us or main shoots are all distin- 
guished by a long basal portion. But we soon meet with another factor, which 
influences the length of this part of the stem. This is, that the later formed 
shoots have to place themselves between or outside the earlier ones before 
they can start growing freely, and they accordingly take a longer time in passing 
through their preparatory stage, the basal portion gradually becoming longer 
again in branches of higher orders. 

In considering the way in which later shoots avoid congestion with the 
earlier ones, we have to study the whole question of the orientation of the 
buds on successive shoots, and the way in which the latter place themselves 
in a favourable position for free growth. The main shoot of the sugarcane 
plant, with its two rows of alternate leaves on opposite sides of the stem, 
assumes the form of a fan, as is seen in PI. XVII, fig, 1. Each of these leaves 
hears a bud in its axil, and the branches, if developed strictly, should all 
be formed in the same plane. Each of these branches has a series of leaves, 
of which the first or lowest bud scale lies in the same plane, and, there- 
fore, unless some disturbing influence supervenes the whole plant with all 
its complex of branches and leaves, if laid out on a table, would be flattened 
out in one plane. But this strictness of arrangement is usually avoided 
in nature, for the branches would interfere with one another and the 
distribution of light would be uneven. Thus, in Pan^ams, where the 
leaves are arranged in a series of rows, there is an obvious but gradual torsion 
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of the stem, so that the vertical ranks of the leaves come to lie in all directions 
and they do not thus interfere with one another’s light and air. There 
woald appear to be a similar torsion, though not always very obvious, 
which finds expression in the varying orientation of the buds in the successive 
branches of the cane plant (PL XVII, figs. 2-5, see also the dissections on 
PL VI). This is specially seen where, as is often the case, the branching is 
congested low down, all the branches arising from a practically common 
centre. In other cases it can be noted that the lines oi leaves at the base 
are not strictly opposed, but both tend to approximate to one or other side 
of the stem, usually the outer side. This dorsi-ventrality of the shoot is 
especially well seen in Sacckarum arundinaceim., where the two rows of buds 
are both on the outer, curving side of the later branches, the inner side 
being altogether devoid of buds (cf. PL I, fig. 2 in the left-hand cane and 
fig. 5 of PL XVII). But yet another method is adopted by the plant, in that 
while the as, and often the 6s, are straight to the base, the later formed shoots 
are seen to curve in various directions, until a position is reached from which 
upward grovhh may proceed, unimpeded by the branches already formed 
(PL XVII, figs. 2-5). The character of this curvature varies a good deal in 
different varieties, and may attain considerable dimensions, and thus be 
regarded as a varietal character of some importance. Consider, for instance, 
the way in which the ultimate aim of the plant, to give all its shoots free access 
to light and air, is accomplished in the different groups. In the Saretha series 
the clump consists of straight or zigzag branches, sprawling in all directions 
and often almost lying down ; in Nargori, the canes assume a vertical position 
at the earliest possible moment and the curves at the base are comparatively 
short and sharp. In Pansahi, while the central shoots are erect, those outside 
curve very broadly and regularly, and the clump becomes cup-like in form, 
and so on (see Plates illustrating the groups at the end of this Part). And 
these various modes of growth, all leave their mark on the basal parts of the 
canes composing the clump. But this curvature is further assisted by the 
formation of runners which, again, are met with much more frequently in some 
varieties than in others. The term needs some explanation. We have applied 
it to those cases where, before the earlier thickening stage of the shoot is com- 
pleted, one or more long thin joints are intercalated between the first short ones 
and the later ones, and the thickening process commences a second time. 
This gives the impression that the shoot, having started its growth along normal 
lines, finds itself cramped, but has still the power of changing its position, 
and does so by the formation of a runner. The plasticity of the fully formed 
branch is not sufficient for this to take place, and therefore ninners are usually 
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confined to the basal, thickening portion of the shoot. It is not by any means 
necessary that runners should be formed only in a horizontal direction ; they 
may trend downwards or upwards and, indeed, are not infrequently found 
iti a vertical direction {cf. PI. XXVIII). And in this case they remind one 
of the long preliminary joint formed in a seedling when it is too deeply planted 
and is not in a position to tiller freely. It is interesting to note that runners do 
not usually give rise to branches, and that, in the curved portions, it is usual 
for only the buds on the outer sides to form shoots, those on the inner sides 
remaining small or dying early. 

The curvatures occurring at the base of the shoot are usually symmetrical 
through a number of joints, and both the nodes and intemodes take part in it. 
In fully formed canes this is not possible in the internode because of the hardness 
of the rind, but at the node there remains throughout the life of the plant 
a meristematic zone which makes a bend possible. AVe thus come across 
bends in the canes long after the curving portion is passed, whereby a shoot is 
able to assume the erect position and regain it if accidentally thrown down, 
exactly as in grasses laid by a storm. This bending takes place chiefly in the 
“ growth ring ” which is usually greatly increased in width on the underside of 
the bend. In some varieties this nodal bending is characteristic of all the cane 
joints, whether it is necessary to alter the position of the cane or not and w'e 
accordingly get a zigzag cane with bendings in alternate directions. Zigzag 
joints usually occur in canes with long joints, and hence they are met with 
in the Saretha and Pansahi groups, but are absent in the short- jointed Sunnabile 
and Mungo varieties. 

This arrangement of the branches of the cane is of great importance for 
its healthy development. Where the branches are too congested, the buds 
are suppressed and killed along the contact surfaces or, if they survive, they 
give rise to small, feeble, whiplike branches which are only very rarely able to 
force their way upwards and form canes. For the demonstration of this phase 
of the plant’s activity, it is advisable to form a ground plan of the shoots, and 
this is sometimes very instructive. It is frequently possible to separate great 
sectors of the branching system by merely cutting through successive hs at 
their bases. Such separated portions often assume the form of a crescent and 
can be easily fitted into the other sectors, and an example of this is given in 
Plate XVII, fig. 8. Some of the schemes thus produced are highly symme- 
trical in vertical seciiion (figs. 6 and 7), and show that the arrangement of the 
branches of the cane, with reference to the light available, is on a par with the 
fitting in of the leaves of a plant or the top of the trees in the great primeval 



106 


TILLERING IN INDIAN SUGARCANES 


forest. In the latter case, we have frequently been able to detect, on looking 
upwards, a hexagonal outline for the whole leafy top of an individual tree. 

We can now return to the consideration of the way in which the rate and 
manner of development of the shoots, of different orders of branching, is 
impressed permanently on the morphological character of the mature canes. 

We have measured the basal, short-jointed portion in each cane of each 
dissection, and find it longer, with a greater number of closely packed joints 
in the Gs than in the bs and cs. In the later formed canes, however, we find 
the matter complicated by the incidence of curvature, and the length of this 
basal portion again tends to increase in the branches of higher orders, oftan 
indeed ultimately exceeding that in the main shoot. But there is no danger 
of confusing the different classes of branches on this account. Besides the 
actual curvature itself, which is absent in the gs, there is usually a great thicken- 
ing in the curved portion in late branches, followed by a rapid thinning when 
the curved portion has passed ; then the change in length is sudden, and quite 
long joints are immediately reached, as contrasted with the extremely leisurely 
increase in length in the earlier ones. 

In measuring the length and thickness of branches of different orders 
W'O have confined our attention to the first two feet of cane. There are several 
reasons for tliis. In the first place the dissections would have been practically 
impossible, if a great mass of leafy canes was attached to the base during its 
manipulation, so it has been the custom, in the older canes, to cut the clump 
at three to four feet from the ground before bringing it to the laboratory. 
"Then a^ain, we have learnt, from our series of measurements of the length of 
joints, that, in the plotted curves, the joints reach their maximum very soon 
after the cane has emerged from the ground (cf. Chart II, p. 175, Mem. III). 
The longest joints are almost always met with in the first tw^o or three feet, 
and afterwards there is a regular decrease until the end of the cane. Lastly, 
we have come to the conclusion that, at two feet from the ground, the thickness 
of the cane has reached a very fair average, although it is sometimes compli- 
cated by a varietal thickening or narrowing after this region has been passed. 

In measuring the length of joints in the first two feet, we have omitted the 
unformed, basal portion, and only started measuring when the first inch-long 
joint has been encountered. This has also meant the omission of runners and, 
usually, the curved portion in later formed shoots. In other w^ords, we have 
taken these measurements only in the fully formed cane. The results have shomi 
a very marked increase in length of joint in the successive branchings, the 
joints in h being longer than those in a, and in c longer than 6, and so foitb. 
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In our former studies^ we used this character to distinguial] early and late 
canes, in that tbe early canes had short basal joints, while the later ones had 
longer ones, and we see that this method of distinguishing them was amply 
justified. 

Besides the difference in length, there is also one in the thickness of the 
branches of different orders. Tbe &s are usually thicker than the as, and the 
cs than the <k, and so on throughout the series, until the amount of energy 
at the plant’s disposal is exhausted. It may be postulated generally that this 
increase in length and thickness of joint is, in the main, connected with more 
rapid and energetic growth, and is the resultant of the action of the mass of 
roots and leaves present and available for the common use of the plant- Just 
as tbe leaves become successively broader and longer in the young plant, so do 
the stems increase in size. But when wc apply this strictly to the successive 
orders of branches, we meet with another complication. A moment’s thought 
mil show that the 6a in a plant are in a somewhat different position from tbe 
cs and d&. All the 6s are borne on one shoot, the solitary a, but this is not the 
case in the ca and efe, which may be borne on any of several branches. . We 
number the 6s in their order of appearance on the stem, which roughly coin- 
cides with the time of their shooting. But in the cs we first number those 
on 61, then those on 62, and so on (c/. Pi. II). While then 61, 62, 63 are in 
more or less strict order of development, there is no means of telling the order 
in cl, c2, c3, etc., for it would be quite possible for the first c on 62 to arise 
before the second on 61. And this difference in the numbering of the 6s and 
cs places the former in a better position for making observations on any incre- 
ments in ifize according to the date of their origin during the plant’s growth. 
For instance, by observing the measurements of successive 6s, we learn that 
there is a tendency for an initial increase in size over the cts, soon reaching a 
maximum, and followed by a decline, when the amount of energy in the indivi- 
dual shoot is beginning to wane. There is in fact a general tendency for the 
6s to become thinner as we pass up a. A couple of examples, typical of a very 
large number of plants dissected, may sufiSce. In M.5300, II 2 of the list, 
the thickness of the four 6s are, in mm., 170, 200, 165, 156 ; m Kassoer III 
the figures for the six 6s are 274, 165, 167, 140, 121, respectively. This tailin^g 
off of the late 6s accounts to a .certain extent for the fact which will be noted 
later, that, in tbe general summation of the thickness of the branches of different 
Orders, there is less difference betw^een the averages in os and 6s than betw'een 
those in the 6s and cs. There are often thin 6s at tlie end of the aeries, whereas 


^ Mom. Ilf, p. 162, &c. 
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there are fewer cs on any one branch, and, there is therefore less evidence of 
this tailing off. The as, if formed at all into strong shoots, are generally well 
grown, but of only moderate thickness. 

The elementary facts here detailed, regarding the general course of growth 
of the cane plant, may with convenience be studied by a glance at the figures 
on Plate II of Memoir No. UI, of a Fansahi plant, and the description of this 
Plate in the text. A more striking example is given in a couple of photographs 
of Sacchamm arundinaceum on Plate I of the present Memoir, in which the 
variations in length and thickness of joints are very clearly shown. We may 
be excused for pointing out, in passing, a curious resemblance between the 
Fansahi canes and those of this wild Saccharum. Just as the irregularity 
and disorder of ScKAxrum sj}ontamum is seen in the general dissections of 
the Saretha group, the almost mathematical exactitude of Saccharum arundi- 
fiacetim is reproduced in members of the Fansahi group, which, for a moment, 
suggests the possibility of genetic connection betw^een the latter pair, as well 
as that now believed to exist between the tw^o former ; but this connection is not 
confirmed by a general study of the other characters which we have examined. 

We have referred above to the early branching period of the growth of 
the cane plant, and we may now enquire if there is any indication of the same 
division into the two periods — tillering and elongating — which is seen in grasses 
(cf. pp. 52-55). The matter is complicated by the fact that there is not neces- 
sarily a flow^ering period in the sugarcane, when all the shoots are thrust simul- 
taneously upwards, although the canes cannot attain their proper dimensions 
without being pushed up into the light and air. Furthermore, as soon as 
a cane shoot has attained its full thickness, it starts growing onwards in the 
upright direction exactly like a palm tree, and there is no halt in this upward 
growth until the inevitable slowing down towards harvest time. Thus, w'hile 
one shoot is engaged in attaining its full thickness and giving ofi w^hat branches 
are likely to have a chance of development, beneath the surface, another is 
already well formed, well above the ground and rapidly forming solid cane. 
We cannot therefore easily separate the growth of the plant, as a whole, into a 
tillering and elongation period, as in grasses. But this is less difficult where some 
external factor acts as a lestrainer on the early growth of the plant. Such, as 
already noted, are the dry spell in the north of India during the early months of 
the year after planting, which tends to prolong the tillering period, and the drought 
in the Glodavari District, caused by the annual cleaning out of the canals, often, 
as already mentioned, accompanied by a determined attack of shoot borer, which 
kills each shoot as soon as it emerges above ground. But, when we consider 
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each shoot separately^ we see that there are two very distinct periods of 
growth in it, the first answering closely to the tillering period, when it is increas- 
ing in thickness and length of joint and is busy in forming its branches, and 
the second, when, after attaining its full thickness, it commences to form joints 
of appreciable length, and rapidly shoots into the air, a stage comparable 
with the elongating period in grasses. Thus the periods which characterize 
the shoots of the grass plant at one and the same time are present in the cane 
plant also, but in each shoot independently of the others. In spite of this 
fundamental difference, it is possible to separate cane varieties as to their 
general periods of growth. The term “cane formation” is well known in 
the fields, and is used to indicate the first appearance of solid canes between 
the bases of sheathing leaves just above the ground, and this cane formation 
differs a good deal in different varieties. It is, for instance, much more rapid 
in the Saretha than in the Suiinabile group (.vce Mem. Ill, p. 159 and PL IV), 
and still more so than in the later Mungo group. The length of the tillering 
period thus finds its expression in the rate of maturing of the canes in any 
clump, and this has been carefully studied in all the varieties ; and a special 
series of dissections has been made for the purpose, at three to four months 
after planting. 

(3) Diagr.^ms and formula of the branching system. 

Ill a previous paper a few pages w^ere devoted to the branching system of 
the Saretha and Sunnabile groups of canes, and to these were added a diagram 
of the branching of a PmsaJii plant with several photographs of dissected 
plants, showing the differences in length and thickness of joints in branches 
of successive orders (Mem. ITI, pp. 156-160). The conclusions arrived 
at were stated to be preliminary, as a much larger series of dissections was 
projected during the approaching season ; but, from the W’ork already done, 
it was suggested tliat, by studying the branching t}^ical of any group of cane 
varieties, some idea might be obtained as to its relations with the more primi- 
tive forms on the one hand and the tropical canes on the other, and its place 
in the ascending scries of evolution approximately gauged. Tentative formulae 
were suggested to express the general course of branching in particular cases. 
This work has now considerably progressed, and the larger series of dissections 
has been completed, presenting us with a mass of interesting material for 
study. 

The grouping of the cane varieties is that adopted in a short paper in the 
^Agricultural Journal of India (Vol. XI, Part IV, Oct., 1916). Six varieties 
of each of the main groups, Saretha, Sunnabile, Pansahi, Nargori and Mungo, 
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were selected. To these were added six unclassified varieties of indigenous 
canes, including two recent importations from Java, four of the “ Rogues found 
in thick cane seedling plots, four wild Saccharum species growing in India, 
six thick cane varieties and a couple of crosses between these and SiKcharum 
sjpontaneum. In each variety at least four clumps were dissected, two at 3-4 
months from planting, in order to study early stages and to determine the rate 
of maturing, and two 7-10 months old, when the plants were more or less full 
grown, to obtain general foimulse of the canes and shoots at crop time. These 
varieties were grown in a special plot, in rows three feet apart and at distances 
of two feet in the row. The treatment was good and the soil fair. Most of 
the plants developed welt, but in certain cases it was found difficult to obtain 
good representative specimens, and in such cases recourse was had to the 
ordinary variety plots, where there was a larger, number of plants to choose 
from. The general aim was to secure moderately well grown plants, and all 
meagre, stunted clumps were rejected as unlikely to be of comparative value. 
There was, curiously, special difficulty in obtaining good specimens of both 
Sojcckarum sfontanexm and thick tropical canes. Better specimens of the 
former were secured from the seedling plots, where SaccluiTUivi s'ponUineuM. 
was grown as a parent, and of the latter, as already stated, by sending a man 
down to Nellikuppam in the South Arcot District, where Red Mauritms was 
known to be growing luxuriantly under crop conditions. A certain number 
of ratoons were included among the thick canes, and, as in these cases the 
original piece of cane, planted t^vo years before, was still attached, the results 
have proved of exceptional interest. 

On a review of the formulae obtained, and the general course of branching 
in the varieties and groups mentioned above, certain doubts have at times 
crept in as to the correctness of the classification adopted in the Agricultural 
Journal paper. In selecting the varieties for each group, it was attempted 
to obtain a general representative series, including specimens of all observed 
deviations from the typical varieties. Certain forms have showm themselves 
to be aberrant in their branching, and in other cases a series of transitions 
has been observed between the different types. Thus, in the Mungo group, 
Kharwiy a primitive form, differs a good deal from the rest, especially in the 
rate of maturing, and appears to approach Dhaulu in the Sunnabile group. 
The inclusion of this cane in the Mungo group will have to be reconsidered, 
especially as it was placed there as the result of only a cursory examination, 
owing to its recent arrival on the farm. iCfliara,’also only tentatively placed 
in the Mango group, and obviously somewhat deviating from the type, has 
shown in its dissections that it is transitional between KJutrwi and the others. 
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fhe rest are in fairly close agreement with one another. It is interesting to 
note that, in the Saretha group, the division into the Katha and Mesangan 
sections receives support, in that Kaiha, Barelha and Chin develop much 
earlier than Gaifda Ckeni, Kharis and Hullu Kahhu, A similar cleavage now 
shows itself in the Sunnabile group, although this was only suspected when the 
varieties were examined in Memoir III. Dhmlu, Bansa, and Mojorah 
develop earlier and branch more copiously than Dhor, Naanal and Sunnabile. 
The position of Mojorah, the thickest in the group and nearest in several 
respects to thick canes, was unexpected, but it is worth while noting that, 
both in the Saretha and Sunnabile subdivisions, the cleavage indicated by the 
dissections is according to geographical regions, the earlier maturing, more 
richly branching forms being clustered along the Himalayas, while the tardier 
varieties are found in the Peninsula. In the Nargori group, which is generally 
marked by the homogeneity of its members, Kewali and Kefari differ some- 
what from the rest. But in spite of these irregularities, the general result 
of the dissecting work has been abundantly to justify the general lines of 
classification adopted, and, as shown in the study of the Saretha and Sunnabile 
groups in Memoir III, the branching system yields a character of systematic 
value. It must be remembered that only a few varieties in each group have 
been studied, and these remarks on classification must therefore be regarded 
as suggestive rather than otherwise ; but it is worth recording that subdivisions, 
such as are obvious in the Saretha group, may also be expected to occur in the 
other main classes, and it is hoped that the apparent uniformity of the various 
groups may break down on further study, for this is to be expected in any 
natural system of classification. 

The form of the diagram, recording the dissections of plants in full grown 
clumps, is similar to that given for the Fansahi plant figured in Memoir III 
(p. 157), and the character of the lines used for the branches of different orders 
is the same as in that figure. Certain conventions have been introduced, 
which may be summarized as follows ; — 

(1) Sleeping buds are altogether omitted as having nothing to do with 
active branching. Only those much swollen or bum ting have been included 
and their relative size is indicated. Large, white, clawed buds are, it is pre- 
sumed, still under ground, and the dividing character between them and the 
-small shoots is the presence or absence of any green at the tips. 

(2) Dead buds are indicated by a short line with a cross line at the end. 
The same cross line shows dead shoots or canes. Most of the diagrams have no 
distinction between resting and burnt buds, which have died. 
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(3) The tem shoots ” is reserved for such as have green leaves, and these 
vary from tiny ones just emerged above the ground to those already forming 
immature canes. They do not reach the top of the diagram, this position 
being reserved for what are considered fully grown canes ; the length of the 
shoots is indicated by a set of empirical figures, T, 2', 3', etc., which roughly 
indicate the relative stage of development ^^ithout accurate measurements 
having been taken. When shoots are large and have formed canes below, 
which, it is assumed, would be sufficiently naatured to reap as canes at harvest, 
they are distinguished by the letters c/, t.e., cane-forming, at their ends, and 
such shoots are included in the formula of canes at harvest. 

(4) The term “runners” is used in rather a wide sense, as described on 
page 104. When the initial thickening stage at the base of the young shoot 
is interrupted, and a few thin, long joints are intercalated, after which the 
thickening is resumed, this intercalated portion is called a runner. They 
are specially found in late formed canes, where the space available is not 
sufficient for free growth ; but it is to be noted that they occur more frequently 
in some varieties and groups than in others. They are marked in the diagram 
by an added fine parallel line along the part \¥hero they occur. Examples 
may be seen in Plates XVIII and XXX 

(5) Attacks of white-ants and moth-borer, and other injuries, are indicated 
by an asterisk with descriptive letters added. Shoots thus attacked are usually 
rejected in forming averages, because of the disturbances induced in the 
length and thickness of the joints following the injury. 

A couple of diagrams are appended in which these conventions arc used. 
We have selected Katha 13 and Sunnabile 13 of the list, aa showing most of 
them clearly (Plate XVIII). 

The formulse of these arc as follows : — 

Katka 13. Canes, fl-i-4?>4'4c4* 5t/ ; shoots, 2>c+2d', buds, 3c +5^; 
Dead, ] Runner, Id. 

Sunmbile IZ. Canes, ti-b26 + 6c-f d ; shoots, ; buds, 7c -h 

14(Z4-3e; Dead, 4b + 5c + 2f^; Runner, Ic. 

A word is here necessary as to the time at which the dissections were 
made. It was unfortunately impossible to dissect the different varieties at 
the same time. It is rather a tedious process, and the number done was very 
large. In the 3-4 months’ dissections, the time occupied was about six w'eeks, 
and it was arranged to do the early maturing kinds first, and leave such late 
groups as the Mungo until the end. Thiaw'as found to give satisfaction; 
although of coui'se the observed differences in the rate of maturing w’ere thus 
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Two diagrams of the branching in dissected plants, to illustrate 
the conventions used. 
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made leas than the reality {cf. p. 127). The 8-10 months’ clumps took at least 
three months to dissect, but the same method was adopted, and it was found 
that it was perfectly possible, at this stage, to decide what canes w'ould 
be matured at harvest time. This, however, applied only to the cultivated 
canes. The wild Saccharuma do not exhibit any special ripening, as, for a 
crop time, and the dissections made from six to nine months show great 
individual variations in the rate of cane-formation. There was, in these forms 
generally, an absence of large shoots w^hich were not cane-forming at the 
base, at whatever time the dissection took place, and in this respect they 
were at variance with the rest. This fact shows that, in tlie ^cultivated canes, 
the general plan of cane-formation for the season is laid down months before 
the harvest, and the differences in the periods at which the dissections were 
made were of little importance with regard to the end in view, which was to 
obtain a scheme for each plant of the number and character of the canes formed, 
with a general view of the shoots and buds and deaths occurring. Tlie thick 
canes were dissected late, on the assumption that cane-formation was very 
tardy ; but this has not turned out to be altogether the case, as will be seen 
later. The matter is, however, of less importance, in that most of the thick 
canes were dissected at crop time, and thus all immature canes were at once 
rejected as not fit for cutting at harvest. 

The work w'as not without its special difficulties. Tlie absence of well 
grown representative specimens in some varieties in the dissection plots has 
already been referred to. It is probable that, in these forms, not usually 
growing well at the Cane-breeding Station, a more elaborate form of branching 
may be more characteristic, as, for instance, in members of the Katha section 
of the Saretha group, but this irregularity in the development of varieties 
would probably occur at any one place where all the forma were being grown 
together ; and in the present case it was merely considered sufficient to note 
in the record that such and such variety was poorly grown. In some cases 
the branches were formed very near the base of the stem, and so intricate a 
mass was revealed that it was almost impossible to get a connected picture 
of the branching system. This was, for instance, the case with Kagkze, which, 
however, for other reasons, w^as rejected in the later dissections. In yet other 
cases, the attachment of tb,e canes at their base, whether to the original set 
or to the later stems, was extremely thin and brittle. Such were bodily removed, 
their places of insertion being marked by a series of duplicated pins with 
numbers attached, and the general plant was thejr reconstructed after all the 
sectors had been independently dissected. But a study of this firmness of 
attachment showed at once that it varied greatly in the diferent groups, 
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the Chin allies being very lightly fixed together, while in the Pansahi group 
there were thick, broad attachments which gave the impression of growth 
in thickness for some thne after their formation. While then, it waa very 
difficult to do the Saretha dissections, it wasalw^ays easy to lay out great sectors 
of the Pansahi clumps with all the branches attached. The firmness of the 
attachment is of some importance as a group character and notes have been 
recorded on it. 

Another more puzzling factor was the frequent deaths of both young 
and old branches. There seemed to be some ground for assuming that, when a 
stem died, its place w^ould be taken by one of its branches, which would take 
on its characters in whole or in part and thus become a facultative branch of a 
low'er order. In other words, when an a died, its place might be taken by 
one or more 6 s, which w'ould assume a characters. This would, of course, interfere 
fundamentally with the typical diagram, as w^ell as the distinction of the 
classes a and h in that plant. We have seen that there arc a number of charac- 
ter's by which w^e can distinguish between the branches of successive orders^ 
and we have always kept an eye open for the presence of facultative branches. 
x\.nd there have been, undoubtedly, a number of cases where these occurred ; 
but in the great majority of the specimens examined, the death of an a did 
not seem to have a very great influence on the measurements of 6 s and subse- 
quent branches formed. There w^ere, however, all stages betw^een a very 
alight or doubtful influence and an obvious facultative 6 , so that, wherever 
possible, plants with sound as were used for dissection. Some varieties appear 
to be much more liable to lose their as than others ; for instance, in Saretha, 
it was found impossible to do without a considerable number of missing as 
in spite of a large number of clumps dissected. It is probable that the time at 
which death occurs has a considerable influence in the matter. If it occurred 
when the successors had already formed their basal joints, its influence 
would be small, as our observations have been confined to the low^er parts of 
the cane. If, on the other hand, the death of a shoot occurred very early, it would 
be quite possible for a facultative branch to take its place for the purpose of 
producing the necessary number of shoots in the plant. Although the forma- 
tion of such a facultative branch is by no means a necessary sequel to the early 
death of a shoot, it somewhat seriously interferes with the regularity of the 
diagram. For instance, if a c dies after its basal portion is formed, it gives 
rise to one or more ds, and thus lengthens the formula. A case of this can he 
seen in the diagrams illustrating the branching of Thick canes (PL XXXII, 
lower figure). There are two plants in the clump and their formulse are, 
for the smaller plant, a-f 46 -flc+ 2d +e, and, for the larger, 0 + 46 + 6 c d-d. 
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An examination of the figures shows that a c has died early in the smaller 
plant and that from its stump 2t^s and le arise. If this death had not occurred, 
the formula would have been tt-i-46*f2c or perhaps a-\-ib+2c+d, and the 
unusual e would certainly not have been developed. And many similar 
examples could be given, where the death of an a, h or c, causes an abnormal 
lengthwiing of fonnula. 

Lastly, the congestion at the base in such forms as Chin and Kaghze 
introduces numerous irregularities which interfere with the formula and the 
measurements taken, it apparently being the merest chance whether suppression 
occurs or meagre shoots survive for a time, or a cane forces its way through 
and ultimately matures, often showing marks of its struggle for existence. 
All of these and other factors have their influence on the regularity and 
symmetry of the branching system, and have made the preparation of charaC' 
teristic formulae more difficult. 

Appended is a summary list of the formulae of canes at crop time for each 
group of varieties dissected. In this bst, fractions are treated in the usual 
way, in that halves and fractions below a half are ignored, while fractions over 
one-half are counted as equal to one. In some cases there is only one variety 
in the formula, as in SOfCcliamm arundhiaceum and the Red Mauritius cane, 
dissected at Nellikuppam, The six unclassified indigenous Indian varieties 
do not of course form a group, but have been taken together in this list. In 
Sacckarum spontaneum there are three varieties, which difier among them- 
selves even more than the ordinary varieties of a group, but they have been 
taken together for convenience. There are six varieties each in the Saretha, 
Pansahi, Nargori, Mungo, Sunnabile and Thick cane groups. To these are 
added four Eogues from thick cane plots and two Crosses between a thick 
cane and Sacckarum spontaneum. The group formulae are prepared in two 
different ways. At first the formula was obtained for each variety, and these 
formulae were averaged for the group to wffiich they belonged. But it was 
thought possible that a better average would be obtained if all the plants* 
in each group were added together and averaged, and this was accordingly done 
The two sets of figures are distinguished by the words “ varieties ” and “plants” 
in column No. 2. Besides these formulae of canes at crop time, a summary 
has been made of all the stems and branches, with their shoots and buds 
whether living or dead. These will, it is thought, give a general idea of the 
branching capacity of the whole plant, but these combined formulae are less 
symmetrical and instructive than those of canes at crop time. The latter may 
be regarded, in some sort, as the total output of the plant, analogous to the 
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ear heads of a cereal, for the cane plant has long been cultivated for the 
special development of as many matured canes as possible, 
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With regard to these two methods of obtaining the formula, it may be 
noted that, for canes formed at harvest, the two methods show little difference 
in the result. The greatest difference is seen in the Mungo group, where the 
summation of the 59 separate plants gives a formulae of la+26-f2o+lrf, 
whereas that taken by averaging the six varietal formula is laf%+dcf2d, 
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The two formula for Saretha, Nargori, Sunnabile and the Thick cane group 
are identical, and in the rest only differ in one figure. In the table the groups 
have been arranged according to the * lengtli of the foimulae. The wild 
Saccharuma and the Thick canes arc, as might be expected, at the ends of the 
.series, and the indigenous Indian groups occupy an intermediate position. 
The Red Mauritius canes grown at Nelliknppam show an extension of the 
formula over that of the six varieties grown at the Cane-breeding Station. 
One idea in having these canes dissected was to see how far the fonnula of a 
thick cane might be extended under favourable conditions. Only good clumps 
were dissected, the distance between the rows was four to five feet in place of 
three feet at Coimbatore, and there could not well have been greater difference 
in the character of the soil. That at Nellikuppam is a free sandy loam not un- 
like the soils met with in the Oangetic alluvium, in place of the rather heavy, 
slightly saltish land at Coimbatore. Besides thi.s, the Red Mauritius variety 
is noted as a rather free tillering kind. We have accordingly kept this series 
separate, for, if comparisons are to be instituted between them and the 
Indian canes, these too should he grown in the places best suited to them. 
There were many plants in the clumps of most of the varieties dissected which 
were poorly grown, often only consisting of one or two canes, and there 
were also, occasionally, abnormally large single plants. By the employment 
of a sufficiently large number of individual dissections, both of these extremes 
have been ruled out, and it is assumed that a fair average has been obtained 
for each variety and group. 

The vnld Saccharuius head the list in the extension of their formulae, 
and the large number of es in Saccharum arundinammi suggest that a .single 
/ might with propriety be added to complete the series, which would then be 
1 : 4 : 6 : 6 : 5 : 1. The average figures have accordingly been examined 
to see what decimals were present at the end of each formula. Where such a 
decimal exceeds one- quarter, it has been inserted, and it is seen that this only 
occurs in the wild Saccharums and the Rogues from the thick cane plots. 
We should expect that the full form of thePansahi formula would be 1:3:4: 
3:1, Nargori 1 : 3 : 3 : 1, and perhaps Sunnabile 1 ; 3 : 2 : 1, but the deci- 
mals which could be added are insignificant. We may therefore suggest 
that well grown specimens, or those under suitable conditions of growth, are 
likely to have such an extension of the formula, as there is a marked tendency 
in all the formulee for a fairly symmetrical series of figures. 

As regards the acclimatization of the different kinds, Saccharum arundi- 
naceum appears to be either very hardy or perfectly at home. The iMter is 
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most probable, as this plant has been grown for many generations in the south 
of India, and indeed in the immediate neighbourhood of the farm, on richly 
cultivated land as a fence round betel {Piper Belle) gardens. The Pansahi 
group seems to be also very hardy and little incommoded by the occasional 
saltness of the land on the farm. Saretha varieties of the Katha section do 
not grow well on the farm, and Saccharum sponta7i£um is not, at first, at home 
in the cultivated land. The Mungo series is obviously at a disadvantage 
because of the comparatively large number of plants per clump. The result 
given in the table must therefore be taken as for one place only, with its many 
peculiarities, in many cases not the best suited for free growth of the variety. 
But it is improbable that any one place could be found where all the varieties 
grown would be equally at home. With this word of warning, we can proceed 
to analyse the averages in the table. The Thick canes, in the character of their 
branching, show themselves furthest removed from the wild Saccharums. 
Then come in order the Sunnabile and Nargori groups which approach the 
Thick canes, then Saretha, Mungo and Pansahi, which are nearer to the wild 
kinds. There is no reason to assume, only from the formulae above given, 
that Saretha is nearest to Saccharum spontaneum^ although we have noted 
many other similarities in Memoir III. The suggestion rather obtrudes itself 
afresh that the Mungo and Pansahi groups of canes may Lave arisen indepen- 
dently from some wild parent, and this agrees with the strongly marked charac- 
ters of these types. The details in each group find no place here, and would 
fill up a large number of pages. A few notes on them are added at the end 
of the Memoir. 

The above remarks refer to the formulae obtained from averaging the 
canes formed at crop time. Shoots and burst buds and dead branches also 
have their significance in the branching system, and we have included these 
in a second series of columns. We may now turn to them to see if they show 
anything of interest. It must be acknowledged, however, that the deaths have 
not been very wisely marked down in the dissections. For them to be strictly 
included in the branching system, only dead buds which Lad already burst 
should have been counted. But while this was done at first, towards the end 
of the work all dead buds were counted, on the assumption that they died in the 
effort of growing out, which was probably often not tbe case. On considering 
the enlarged formulae, we find that the general tendency is the same as that 
in the canes at crop time. The Sunnabile and Nargori groups are now indis- 
tinguishable from the Thick canes, the greater shooting in the latter being 
possibly due to their encouragement in the process of ratooning or growing 
for a second year from the same root stock. Some note may be taken of the 
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different degrees of development of certain classes of buds and shoots in the 
different classes. In SaccJmrum spontaneum and the Rogues from the thick 
cane plots, it is the da which form the bulk, these groups being closely followed 
in this by the luxuriantly growing members of the Pansahi group. But 
in the latter, the ca are nearly as well developed, and this order of shoots is 
dominant in the other groups, especially in the Nargori and Sunnabile forms. 
This dominance of certain orders of branches is probably connected with the 
formulae already discussed above, the tendency being in each case for the full 
series of branches not to be symmetrical, but for the maximum to be thrown 
forward, so that the higher members come beyond the middle of the aeries. 

Turning to the formulse in the odd lots, the six unclassified indigenous 
canes, the Rogues and the Crosses between a thick cane and SaccJiarum spontu- 
mum show certain peculiarities. The cane formula for the six unclassified 
indigenous varieties is very short. This can be easily accounted for by an 
examination of the varieties selected. They were not intended to be represent- 
ative in any way, but were such as for one reason or another were interesting. 
Thus the three Khdia, Khagri and 7^ri, apparently closely related to one 
another, showed a considerable likeness to the Thick canes, and Tehoe Monjet 
has a similar formula. BJmulu of Pkillaur approaches Sunnabile in its formula. 
This was rather unexpected, as this form is considered, from other characters, 
to be near the Mungo group, but its formula suggests the idea that it may be 
a connecting link between the Mungo and Sunnabile groups. Kassoer, a 
strong-growing Java form, has the only extended formula, and resembles 
Saretha in this. The average of the six cannot therefore be taken as represent- 
ative of indigenous Indian canes generally, and they were not intended to be so. 

The Rogues show a very long formula and produce an immense number 
of shoots of all kinds. This is in accordance with their great vigour and marked 
primitive characters. The crosses of VeJhi by SaccJiafwn spontaneum, on the other 
hand, show surprisingly little influence of the male parent in their branching. 
The formula is extremely short, practically that of Nargori and Sunnabile, 
which groups are near to the Thick canes. This nearness to the Thick canes 
is also shown in the richness of the juice in these two seedlings, which is not 
in any way intermediate between the wild Saccharums and Velhi 

( 4 ) AVERAGE LENGTH OF THE BASAL, THICKENING PORTION OF THE 
CANE, IN BRANCHES OF DIFFERENT ORDERS, 

It was noted above that, in judging the average length of the joints 
in the lowest two feet of cane, the narrow basal region, where the 

6 
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joints had not as yet reached one inch in length and were still in the process of 
thickening, was excluded. The selection of this one inch length is purely 
empirical, but it answers the purpose well enough. The joints in this region 
are very numerous and, towards the base, present the appearance of a aeries of 
superposed discs, with difficulty separated from one another. We may 
consider this portion of the cane as that engaged in attaining its full thickness 
and in giving ofi branches, as contrasted with the following elongating portion, 
and it presents certain characters which may be now briefly considered. A& 
it is the formative region, in which the whole system of branches must arise, 
it is not surprising that it is longer in the main stem than in its branches. It 
has been measured in all the canes in each plant examined, and the table shows 
the general averages of each group. We see there, that, while in the m of 
all the groups its average length is 3'7", it is 2 '6" in the &s. We sliould expect a 
similar difference between the 6s and the cs and so on, but this is not the case. 
In fact, in most groups, there is a distinct increase in the length of the basal 
part in succeeding branches after the 6s are passed. This fact has been already 
explained by the presence in these later branches of curvatures, whereby they 
may be placed in a better position for developing freely. And it has been 
noted that, where there is such a curve, the joints remain short until the cane 
has straightened out and is in a position to grow upwards in a vertical line. 
In the Thick canes, in the Mungo group and in Saccharum spontaneumi there 
is a continuous reduction in the length of the basal part throughout the series 
of branches. This is readily explained in the first and last cases, in that curva- 
ture is generally less evident in them, in the Thick canes because of their 
comparative fewness, and in the wild Saccharum because of the thinness of 
its branches, their general irregularity and the constant presence of runneis. 
hvScKcharum spontaneum the shoots are placed in a position for free develop- 
ment rather by runners than by curves, and the result is that the whole complex 
of branches in the clump is loosely knit together instead of being closely compacted 
as in the cultivated canes. In Mungo the case is different. There are a 
great number of canes in the clump, but these arise from a large number of 
separate buds, as many as 11 having been noted in one case. It is possible 
that this even distribution of the individual plants along the length of the 
set may serve the purpose of placing them, and thus do away with the necessity 
of much curving. But curving is present, as also are runners, and the regular 
decrease in the lengths of the basal portions of branches of successive orders 
comes somewhat as a surprise. We have to wait until the ds, before ^we get 
the expected increase in length. With these two tendencies in opposite direc- 
tions, we get, in the averages of all the groups, a uniformity in the lengths in 
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6si, and ds, which is rarely met with in the individual plants. As in other 
cases, we have to turn to Sa(x}mum arundinaceum for the complete regularity 
of the series. Here the lengths in a average 2’9", and there is a sharp drop to 
the bs with 2’1'\ followed by increases to 2*4^ 2'9'', 3*2'', in the succeeding 
branches of higher orders. A glance at the uprooted clump in this species 
mil show the increasing curvature which is a dominant factor in this character 
(c/ PI. I). 


Average length of basal part^ with joints under Y in length, in inches. 


Group 

No. of 
varieties 

1 

a 

b 

c 

d 

e 

/ 

Remarks 

Sat'etba 

6 

i 

20 

21 

2-5 

2-3 

(1-5) 

The figures 

Sunnabile 

B 

1 2-7 

21 

32 

26 



in brockets 

Pansahi 

6 

i 3-4 

1-7 

2-0 

2-4 

(2-0) i 


are such as 

Nargori 

6 

; 5*6 

2-5 

2-8 

(21) 



occur only 

Mungo 

6 

. 4 6 

3-6 

2-7 

37 

(2-3) 


in one case 

Various indigenous 

6 

6‘0 1 

3*3 

31 

1 3 4 



and maybe 

Rogues 

4 

1 3-9 1 

2-6 1 

2-9 

1 2-5 

(21) ; 

(1-5) 

disregarded 

Crossoa ... 

2 

2-8 

2‘4 

2-8 1 

(3-8) 



as not re- 

Thick canes 

6 

4 3 

37 

3-3 

(3-4) 



presenting 

Red Mauritius at Nellikuppam 

1 

.35 

2-8 

2-s 

2-3 

1-9 


an average 

Saccharum spontaneum 

1 3 

2-6 

2-0 

16 

1-6 

1-9 I 

(0-6) 

for the 

Saccharum arundinaceum 

t 1 

29 

2*1 

2-4 

2-9 

3-2 ; 


group. 

Average of all the groups 

1 

1 

37 

2-6 

2-6 

1 2-7 

2-4 




(5) Average length of joints in branches of different orders. 
The main shoot arising from a bud on a set is different from its 
branches in several respects. It has been shown that it takes longer to 
develop, in that the plant is small and weak at first ; it has a longer basal, 
branching portion ; it is also markedly shorter jointed than its successors. 
This will be seen from the Table, where the lengths of joints in the as, 
6s, cs and branches of higher orders have been averaged for the different 
groups. It may be noted that the numbers of branches dealt with are not 
the same as in the formulae of matured canes, for even immature canes have 
been included, if it was possible to measure the lengths of the joints in the 
first 20^ It is well known that the lengthening of these joints, once they 
are formed, is extremely small and may be neglected.^ 

The averages have been obtained in three ways, the os, 6s, etc., of each 
plant have been averaged separately, the averages for the varieties have been 
obtained from these, and these latter have been agam averaged for the groups 

^ Kuijpar, J. De groei van bladachijf, bladscheede on stengel van het auikerriet. J/erf. 
Java Suiis^rind,, V., 8, 1915. 
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(column 1). Secondly, all the os, hs, etc., of each variety have been averaged, 
and these variety averages have given those of the group (column 2). Thirdly, 
all the os, h&, etc., of each group have been taken together (column 3). It is 
remarkable how little difference there is in the three resulting sets of figures. 
There is a steady rise in the average length of joints in every single group, 
and sometimes a sudden increase between the &s and cs. The reason for the 
selection of the two lowest feet of the cane for these measurements has been 
already given in detail (p. 106). 

In the Table, where there are less than four measurements of a branch 
of one order in a group, the resulting average is placed in brackets, as insuffi- 
ciently reliable for the group average. Such figures are however included in 
the total summation at the foot of the Table. If less than 20'' can be measured, 
the cane is rejected as immature. The joints of runners are omitted and the 
lengths of joints arc not measured until the short-jointed portion following 
the runner i? passed. If moth-borer or other injury is noted as reducing the 
length of the joints above it, the cane is rejected ; this is judged by comparison 
with other branches of the same order in the same plant. 



verage length of joints {above basal part) in the first 2\ in inches.. 
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(6) Average thickness of branches of different orders. 

As we pass from the main shoots to branches of higher orders, we note, 
in the dissections, a steady increase in the thickness of the canes. This is 
not to be wondered at, if we regard each shoot as being furnished with a certain 
amount of energy of growth. Much of this energy is used up in the main 
shoot in its change from the infinitesimal stem of the young seedling to a cane 
of definite thickness. The branches, on the other hand, not only are thicker 
at the start, but pass through their forming process much more rapidly, and 
it is to be expected that, before their energy wanes, stronger, thicker canes will 
be produced. 

To compare the thickness of the canes, all have been measured in each 
plant at about 2' from the base, where it is reasonable to suppose that the 
cane has completed its growth in thickness. The measurements were made by 
calipers in the lateral plane, thus ruling out the ovalness of some varieties, 
the longer diameter usually occurring in the median plane or that in which 
the buds lie. The markings on the calipers are in mm., and the results are 
accordingly given in the metric system. The following are the average thick- 
nesses, in mm., of the main stem and its branches of different degree, in all the 
groups dissected, a 177, b 187, c 207, d 228, e 219, / 88. The last two figures 
are not true averages, / only occurring in the thinnest form, namely, SaccJmum 
spontmeuniy and e being absent in the Thick canes, Sunnabile, Nargori, 
Unclassified indigenous and Crosses, in all of which groups the branches which are 
present show markedly rapid increases. As in the case of the average length 
of joints, there is a distinct advance from a to 6, but there is a much greater 
one from h to c. In the main groups of indigenous Indian canes, there is less 
difference between the as and hs. This, as has been noted elsewhere, may be 
put down to several causes. In the first place, both are formed at a very 
early stage of the plant’s growth— before the general elongating stage has been 
reached — ^the plant is small and thin and has comparatively few roots and 
leaves. In the second place, cases are not infrequently met with in which, os 
having died, one or more of the hs, become facultative as, and the energies of 
these are devoted rather to branching than to increase in thickness. Thirdly, 
there are more 6a on an a than cs on a 6, and, as we have seen, this leads to a 
tailing off of the later-formed 6s, when the energy of the main shoot is waning 
(cf, p. 107). Lastly, other irregularities occur owing to the deaths of as and 
the consequent relative numbers of os and 6s in a plant. Thus, in Kkarwi, 
the thinnest of the Mungo group, 3 as and 19 6s were measured, whereas in 
Hemja^ the thickest cane in the group, there are 15 os and 27 6s. In taking 
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all the os and all the 6s of the group, we thus find that the latter are penalized 
as to average thickness. But the fact remains, whatever its cause may be, 
that there is often httle difference between the thickness of the main shoot 
and its immediate branches. And, in dividing up the canes in a clump, both 
must be classed as early in their general character. The cs and ds are sharply 
separated off from the as and 6s as thick, late canes, and can be readily 
picked out at harvest by this and other characters. 

In the Thick cane group there is a curious exception. While the six varie* 
ties examined at Coimbatore and the dry land canes at Nellikuppam show" a 
considerable increase in thickness of the &s over the as, this is not the case in the 
mt hnd plants at the latter place. In these the os are the thickest and there 
is a general decrease in thickness as we pass to the higher branchings. The 
Red Mauritius at the Cane-breeding Station (and indeed at Nellikuppam on 
the dry land) are more or less in line with the other varieties. The figures for 
Red Mauritius on the farm, for instance, are a 270, 6 312, c 347. We may, 
ia the absence of any further light on the case, merely record the fact here and 
regard it as an exception which may indicate some peculiarity in wet land 
conditions. 


Average thickness of cdne at 2' from the hose, in mm. 


All the bkaxches of the same ordes 

TAKEN TOGETHER 


Groups 


In each plant 


! In each vat iety 


In each group 



a 

6 

c 

d 


/ 

a 

b 

0 

d 

e 

1 

la 

1 ^ 

c 

1 ^ 

1 ^ 

Saretha 

1591166 

178 

192 

204; ... 

159 

164 

174 

194 

204 

160 166 
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204 

Pansahi ... ... 

I 66 II 66 

189 

223 

284 


166 

165 

185 

224 

284 

166 

165 

185 

224 

284 

MuDgO 

L87II90 

21(1 

204 

2241.., 

187 

191 

209 

207 

224 

196 

193 

204 

204 

224 

Sunnabile «•. ... 

189192 

209 

262 



189 

190 

208 

•262 


186 

188 

220 

262 


Nargori 

1511156 

175 

213 



152 

156 

171 

211 


15(] 

154 

167 

207 


Thick canea 


298 

345 













Red Mauritius, Nellikuppani Dry land 

294 

304 

3(15 

299 

m 












„ „ Wet land 

290 

274 

261 

270 

268 












Unclassified indigenous 

164 

173 

208 

251 













Rogues 

170 

196 

211 

210 

2i'6 











!!! 

Crosses, Veliai x Saccharutn spontaneum 

158 

177 

231 


... 












Saccharuin spontaneum ... 

73 

77 

83 

88 

79 

(W 











Saccharum arundinaceum ... 

153 

172 

209 

237 

237 












Average of all the groups ... 

177 

187 

207 

•228 

^19 

88 










... 


The work of measuring the thickness of the cane branches of different 
orders has not always been altogether simple, and has given rise to a series of 
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side-issues.” Such are, the not infrequent thickening upwards of the early 
canes and narrowing upwards of late ones ; the sometimes enormous thickness 
at the base of late canes, especially within the region of curvature ; the ovalness 
of some canes and the tereteness of others, and, lastly, the curious case in a few 
varieties where this ovahiess is very pronounced, but in the lateral instead of 
the median plane, a general flattening of the stem at the base soon to give way 
to normal teretcneas. But these deviations have little or no effect on the 
general increase in thickness as we proceed to branches of higher order. 

Summarizing the results recorded in the last few pages, we see that there 
is a marked difference betw^een the early and late formed stems in the sugar- 
cane plant. The main shoot has a longer basal portion than its branches, 
but, owing chiefly to curvature, this portion become longer again in the 
branches of the second and third orders. The average length of joints in the 
lower part of the cane is less in the main shoot than its branches, and in these 
again than in the branches of higher orders. With few exceptions the same 
holds good of the thickness of the cane. Tor the separation of the canes in a 
clump, we thus have a series of characters whereby we can distinguish the early 
and late canes, without the necessity of the tedious process of dissection, there 
being a marked contrast between the cis and &s, on the one hand, and the c& 
and ds on the other, difierences which are so striking that we can with compara- 
tive certainty apply the test to the general mass of canes belonging to one 
variety in the mi11 yard, and by this means are in a position to make fuither 
studies on the milling properties and sugar content of the branches of different 
order. 


(7) Bate of maturing in different varieties and groups. 

In passing through the various plots of cane varieties growing on the farm, 
it is at once obvious that, in the early stages, there is a great difference in the 
rate of cane formation. While some, like Saretha, show cane formation very 
early, others, like Dhor^ grow very slowly at first, and do not show any canes 
for months afterwards. This difference is largely cloaked in North Indian 
canes by the persistence of the leaf sheaths, but the swelling canes often split 
these at the base while still attached, and it is quite easy to strip off one or two 
where this is not the case. But it is difficult to place this difference before' 
the reader, and various attempts have been made, as will be seen below, to 
make it clearer. There were comparatively few dissections among young 
canes in the 1916-17 crop, but the results were sufficiently distinctive to make 
it desirable to extend the series to all the indigenous classes. Two clumps 



d A. BARBEK 


I2l 

were accordingly taken for each of the varieties in the dissection plot and these 
were examined at months from planting. The more rapidly maturing 
groups were taken first, as explained on p. 112. Thus, the Saretha group was 
examined 106-112 days after planting, Pansahi 113-120, Nargori 120-126, 
Mungo 126-132, Sunnahile 13^143, and Thick canes 149-152. These Tvere 
the main groups it was desired to compare. The wild Saccharunis, of which 
one species showed poor accommodation to the cultivated land, were examined 
at 120-156 days, while the Unclassified indigenous canes, the Crosses and 
Rogues, being less important, were taken at the end of the series. It transpired 
that the arrangement was not ideal ; the last named varieties should have 
been dissected earlier, and certain other alterations would have been desirable. 
This varying age of the plants dissected has introduced complications and must 
be held in view in the comparisons. In two cases, the early development was 
so poor that additional clumps were dissected at the end of the period, and a 
study of the results obtained mil give some idea as to the rapidity of change 
at this stage of growth. Dhor was dissected at 142 and 156 and Kkari at 110 
and 156 days, namely, the beginning and the end of the work. The following 
table gives the canes and shoots formed per clump in these two varieties at the 
dates given 

DJior . . 2 clumps with 4 plants 142 days old 3’0 canes 2’0 shoots 
..2 „ „ 4 „ 156 „ „ 5'3 „ 2-5 „ 

Kkari . . 2 clumps with 6 plants 110 days old 3' 5 canes 21 shoots 
..2 „ „ 7 » 156 „ „ 14-0 „ 7 „ 

The word “canes ” in the list indicates canedonning shoots, and this 
is judged by the presence of hardened rind in one or more of the basal joints. 
In the diagrams prepared from the dissections, such canedorming shoots are 
indicated by the bases being in ink, the rest of the diagrams being in pencil. 
Green shoots, not canedorniing, are simply classed as shoots and burst buds and 
deaths are added as usual. A further distinction is introduced in all the shoots, 
whether canedorming or not, in that they are separated into two classes, accord- 
ing as they were over or under 3' in length, and this is indicated in the diagrams 
by the signs>and<, as well as the general length of the line for the branch. 
All the branches are separated, as usual, into os, 5s, cs, etc. It is obvious that, 
from a consideration of such a diagram and the formula describing it, a very 
fair idea can be obtained as to the stage of development of any plant or clump. 
An example for each group is given in the figures on Plate XIX, where, however, 
the pencil marks are omitted, full grown shoots are marked c, and half grown, 
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cane-forming shoota cf. The other conventions are those adopted in the 
diagrams of full grown plants. 

Some 275 plants were dissected in 1917-18, and diagrams recorded of 
their branching systems. These have been averaged according to variety 
and group, but the results, although generally illuminating, show certain incon- 
gruities, obviously requiring explanation. Thus, DJiaulu, Naaml md Mojoraft 
showed enormous and rapid development, which would hardly be expected 
in the Sunnabile group. It was observed that each of the six clumps dissected 
in these varieties consisted of a single plant, the two other buds of the set not 
having germinated, and it is obviously unsafe to compare such single plants with 
those formed two or three together. On the other hand, in the Mungo groups 
owing to the closeness of the joints, as many as 7 or, in one case, 11 plants arose 
from one set, and these naturally showed, on the average, very few branches 
(PI. XVI). The whole series was therefore again averaged, this time as to the 
numbers of canes, shoots, etc., per clump or “ hole,” and this gave much more 
satisfactory results. 

It was soon observed that there were great variations in the development 
of the members of certain groups and it becomes doubtful if the six varieties 
selected suitably represent them. Owing to its rapid growth, the first aeries 
dissected was the Saretha group, and it was obvious that Khari, Ganda Cheni 
and Hullu Kahhu were much behind the rest, although it was known that 
Chin and Saretha did not grow well on the farm, while Cheni and HvMu were 
quite at home. This emphasizes the subdivision made in this group in Memoir 
III, into the Brown or Katha and the Green or Mesangan sections, as the 
same subdivision is seen in the rate of maturing. Leas equal subdivisions 
show themselves in the Sunnabile group where Dhor and Sunnabile were much 
behind the rest, in the Mungo group where Kharwi shows as great a difference 
in the opposite direction from its companions, and in the Thick canes where 
the possibly indigenous Magh and Vendamulchi are considerably behind Jat% 
Yerra and Red Mmriiius, The groups in the table are arranged in the order 
of dissection. 



PLATE XIX 



Safethek (ii^days old^ Dhoh (ise cJ^ys old) Panse^iii ^ks days old) 



Diagrams of branching in plants 3-4 months old, in the five groups of indigenous Indian canes. 
These give a general idea of the conventions used in the 275 diagrams prepared and also 
give some idea of the relative rate of cane formation in the different groups. 




Analysis of clumps in different groti'ps to com'pare their rate of maturing^ 1917 -IB. 
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With this table before us, the question naturally arises as to how we can 
use it for determining the rate of maturing. We may do so in a variety of ways. 
We may compare the average number of canes per clump in each group or 
section ; we may calculate the number of canes in the total number of shoots; 
we may contrast the canes over 3^ with those under that length ; we may do 
the same with the total number of shoots ; and, lastly, we may compare the 
number of cane-forming shoots at 3-5 months with the average number formed 
at harvest in the same plots. There are, however, objections to all of these 
methods, even when the relative ages of the plants at the time of dissection 
have been allowed for. In the first, we neglect the inherent tillering capacity 
of the different varieties, in the second the Suniiabile and Nargori groups are 
favoured because of the very small number of small shoots which are developed 
in them, in the third and fourth we discriminate in favour of forms with lojig 
canes such as SaretJia as against the short-caned forms such as Mungo, and in the 
last we neglect the habitual deaths which take place during the life of the plant 
and which are so numerous in the Thick canes, for instance, that there are 
actually more canes forming per clump at 5 months than there are at harvest- 
But something may be learnt, with proper safeguards, from a study in each of 
these directions, and the results have been grouped in the following table. 
In this, besides the averages for each group, the browm and green sections 
of Saretha are given separately, in the Sunnabile group Dhor and Smnahile are 
taken as a sub-section (Dhor) and compared with the rest (Dhaulu), and Khand 
is similarly treated separately in the Mungo group. The other groups appear 
to be more homogeneoas, but, in the Thick canes, Magli and Verdamukhiy 
as noted above, are very much behind Yerra, Jam and Red Mauritius. In 
each of the arrangements 1-5, the groups are placed in order of development 
from top to bottom. 
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From a study of this table we get the following order of development as 
judged by the various comparisons in the columns 1-5. Sunnabile (Dhaulu), 
Saretha (Brown), Nargori, Unclassified indigenous, Sunnabile, Mungo (Kharwi), 
Pansahi, Saretha, Thick canes, s'pontaneum, Mungo, Saretha (Green), 

Sunnabile (Dhor), Mungo (rest). But we have, in addition, to consider the 
ages of the plants dissected. It is thus seen that the position of Sunnabile 
(Dhaulu) at the head of the table must be qualified, firstly, by the fact that 
in these members of the section, only a single plant developed in each clump, 
presumably assisting in rapid maturing, and, secondly, that the dissections 
were made late (4 weeks after the Brown section of Saretha), because of the 
slow development of Bhyr and Sunnabile. Saretha (Brown) is obviously the 
quickest of all in maturing. Similarly, the juxtaposition of the Saretha and 
Thick cane groups, examined at 109 and 150 days respectively, indicates 
that the latter are much later in development than the former. So the Mungo 
group, excepting Kharwi, are very late indeed, being near the bottom of the 
list, although dissected moderately late (129 days). But the method is interest- 
ing, although unsatisfactory for generalizations. 

The only way in which these various defects can be avoided is to take the 
groups and sections separately and compare them with the rest in the following 
manner. Saretha (Brown) is ahead of Pansahi, although examined a week 
earlier. There are more canes formed, and, in these, there is a slightly larger 
proportion of canes over than under 3' in length ; there are practically the 
same number of immature shoots, but in these too there is a slight excess of the 
shoots over 3' long in Saretha.; there are only half the number of buds and 
there are slightly more deaths. If the tillering power of the two groups is 
considered, there is a larger proportion of canes formed in Saretha in 110 
days than in Pansahi in 116. It may therefore be safely concluded that the 
Brown section of the SaretLa group is earlier in its development on the fanu 
than the Pansahi group. The same method may be applied all through and, 
as a result, we can place the groups roughly in the following order : — 

Early maturing, Saretha (Brown), Nargori, Pansahi, Saretha, Sunnabile 
(Dhaulu), Mungo (Kharwi) ; 

Moderately early maturing, Various indigenous, Saretha (Green), 
Saccharum s])ontaneum, Thick canes; 

Late maturing, Sunnabile, Mungo, Mungo (rest) and Sunnabile (Dhor). 

The full table of analyses of the difierent varieties is annexed, the figures 
in each group being the averages obtained for each clump. 
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(8) General notes on the characters of the groups and their 

MODE OF BRANCHING. 

It will be impossible within reasonable limits to discuss th.e many interesting 
facts observed in the dissections of the cane clumps of the different varieties 
in each group. The diagrams and measurements of the individual plants> are 
added to the already large mass of notes on the morphology of canes collected 
in the ofldce files. A few general notes are here given on the characters of 
branching in each group and a selection has been made of a few more or less 
typical diagrams and photographs to illustrate its general character. For 
photographs, we have had to rely entirely on 1916-17 dissections, because, 
from pressure of work and the high price of materials, we were unable to photo- 
graph the dissected plants in the second year. The main shoot a can be 
distinguished in these photographs by a white paper band fastened round it. 
As the full scheme of diagrams was not developed until 1917-18, it has not 
always been easy to give the full diagrams of the particular plants photo- 
graphed, although this has been done where possible. As an instance of the 
method, Plates XXVIII-XXX may be referred to. In Plate XXVIII, a clump 
of the dwarf canes of Hemja, in the Mungo group, has been photographed as it 
reached the laboratory ; Plate XXIX gives photographs of the four dissected 
plants in this clump, and in the lower half of Plate XXX the diagrams of the 
four plants arc reproduced. There are few’ photographs available of the 
Thick canes, as less attention was paid to this class in the first year, but, besides 
a dissection of Jam, a picture is reproduced of a ratooned Red Mmmtius cane, 
and its diagram is appended. In th,e wild Saccb arums, photographs are given 
of S. Munja, S. aruridimceim, and the two chief varieties of S. sponianeuyn 
(PL XXXIV) ; further pictures may be fomid in Plate II of Memoir III and 
Plate XXI of Memoir IL Saccharum Narenga is illustrated on Plates IX 
and X of Memoir II and needs no repetition. For fuller illustrations of these 
wild Sacchariuns, reference may be made to the excellent monograph by Hole in 
the Indian Forest Memoirs.^ The diagrams of Sacckirum Munja and Saccharum 
Narenga are less instructive, in that these species do not form canes in the strict 
sense, but their grass-like habit may be inferred from the diagrams given on Plate 
XXX VIT, where the “ canes ” refer to shoots forming solid canes at their bases. 

Saretka Group. 

The Sarctha group is somewhat difficult to describe without going into 
great detail, as it consists of two w'ell-marked sections, the main characters 

^ Hole, R. S. On some Indian Feust Grasses and their Oecology. Jnd. For. Mem.^ 
For. Bol. Ser., Vol. I, Part 1, 1911. 
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of which have been discussed in Memoir III, These sections are separated, 
in the first place, by having red-brown and green stems at maturity. Of the 
members dealt with in this paper, KatJia in the Punjab, and Chin and Sareiha 
in the western United Provinces belong to the first section ; the second section 
includes Khari^ in Bengal, Hullu Kabbu on the western coast of the Penin- 
sula and Gandn Cheni in Mysore ; the distribution of the two sections is thus 
seen to be geographical, the noithern members being thinner and more primi- 
tive. The Green section of the Saretha group appears to approach the Sun- 
nabile group in many particulars. As might be expected, the forms indigenous 
to the Peninsula are much more at home on the Cane-breeding Station, and 
this renders the comparison of the two sections, as regards formulae, difficult. 
It is probable that the branching of the Red-brown section is more complicated 
than that in the Green section, but this does not show up very clearly for tfce 
reasons given. The rate of cane formation is very much more rapid in the 
Red-brown section. 

The arrangement of the canes in the clump is characterized by irregularity, 
canes being produced at all angles, with the outer ones often spreading widely 
or even prostrate. An intricate mass is thus formed, and, as the attachments 
are very thin and brittle, dissection, especially in the Red-brovm section, 
i.s very difficult. There are, in most of the varieties, a large number of runners 
and the spacing of the canes in the clump is due rather to their irregular 
arrangement and the presence of these ninners than to orderly curving of 
the outer branches, in this character resembling Saccharum spontanenm. 
The canes are long-jointed, knotted and zigzag, and vary little in thickness 
in different parts of their length, and there is less ovalness than in most other 
groups^ {Pis. XX and XXI). 

The appended tables give the varietal formulae, and the average length 
of basal parts, length of joints in the lower two feet and thickness at two feet 
from the base. There is, generally, a marked difference between the branches 
of different orders. Owing to the comparative absence of curvature in the 
younger branches, the length of the basal part of the cane does not increase 
rapidly from h onwards. 


1 There appear to be several cane varieties included under this name, as in BarmilM, 
Ketnri, Chyniaf etc. One Khan in our collection is fairly obviously a Pansahi cane. 

2 For fuller descriptions of some varieties in this group, see Mem, I, where the primit^^'e 
Punjab forms are described, and Mem. Ill, where the general characters of the group and its 
aeptioas are given In some detail, 
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PansaU Group. 

The Panaahi group is very homogeueous, and no subdivisions have as 
yet been observed in it. The geographical range is fairly wide, but only 
in an east and west direction. No examples have as yet been received from 
the Peninsula area, although members of the group have been met with in 
every province from the Punjab to Burma. The greatest development of 
the group is perhaps in Bibar, but Kahuk found in the Punjab and Thin 
Mouhmn in Burma. The group is of especial interest in that it contains 
ganm canes, that is, those intermediate between the thin, hardy ukh canes 
and the pau}id<i or thick chewing class ; also that it includes the Yvba, which 
is the chief variety grown in Natal. This cane is of special interest in that it 
appears to have reached Natal from Brazil where it is regarded as a “ country ” 
cane.^ It is quite conceivable therefore that it is the cane taken from the 
Punjab by Alexander the Great in 326 B. C.^ 

Cane formation takes place early, and the varieties all grow w^ell at Coim- 
batore; they are very free growing and appear to be little inconvenienced 
by the rather tenacious, saltish land. In habit, they are regularly cup-shapcd, 
and the leaves fall in a wide curve all round the centre. In branching, they 
are often very symmetrical (cf. fig. 1, p. 157, Mem. Ill), the inner canes being 
straight, and the succeeding ones more or less curved according to their distance 
from the centre ; strong curves are found in the later canes, and runners are 
not uncommon. The attachments are very firm and thick, making it possible 
to dissect great portions at a time without separating the branches. In many 
respects the branching system strikingly reminds one of that of Scbcchanm 
arundinaceum, although there is no trace of connection with that wild form in 
the other morphological characters. The canes ate fairly straight but the 
joints, especially in the later canes, are long and markedly zigzag, and the nodes 
are prominent.^ The Plate following illustrates the general form in Maneriu 
and Pansahij but the diagrams of these are not given, as that in Memoir III, 
referred to above, will suffice. On the other hand, diagrams are given of 
Yuba, and a remarkably well grown plant of this variety is included. (Pis, 
XXII and XXIII.) 

The length of joint shows great regularity in its increase in the branches of 
successive orders, and the length of the basal part bears evidence of the strong 
curvature in the later branches. In thickness, the os and the ha are practically 
equal and differ widely from the cs and ds, thus dividing the canes of the 
clump into early and late formed canes, which separation is very characteristic 
of the group. These points are well brought out in the appended table. 

^ DeerijNoel. The Origin of the Uba Cano, International Sugar Journal, April, 1918, p. 164- 

2 0* A. Barber. The Origin of the Uba Cane. Intemaiional Sugar J oumalf September, 
1918, p. 706. 

^ For fuller description cf a cane of this group, see Mem. I, pp. 96-103 and plates 
XV, XVI and XIX. 





PLATE XX 


Yuba 1916 (li months old) 

One clump witln I’wo plant's. Onl^ the larger plant is drawn. 



a^ + 7b+i6c+8d+e 

Rwnners )lo42,C-f3d 


Yuba 1916 (7i months old) 

One clump with two plants 


c> C3 bid ba a cs ba, c 4 



a + 3b + SC + ad 



R 


rers I b + t C 


Diagrams of three Y uba plants. The upper diagram is that of an abnormally luxuriant 
plant, the lower diagrams being more like the normal. A Pansahi 
diagram is given on p. 157 of Memoir No. 111. 
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Nargori Group. 

The Nargori group is a very distinct one, being readily separated, among 
other things, by its curious palm-like habit, a bundle of erect, knotted canes 
vSurmounted by a thick bunch of short, broadish leaves, often with a brownisiT 
or copper coloured tinge in North India. The group appears to be a primitive 
one. Its distribution along the foot of the Himalayas is apparently less wide 
than that of the Pansahi group, as specimens have only been received from 
Bihar and the United Provinces, but varieties belonging to it have also been 
received from the south of the Central Provinces, and thus it enters the Penin- 
sula. The varieties collected grow fairly well on the Cane-breeding Station. 
The canes curve very sharply at the base and quickly assume a vertical direc- 
tion, and the clump thus takes up little room. The branching is not extended, 
as can be seen from the formula, and there is a marked absence of runners or 
irregularities of any kind. The canes are very straight, mostly thin, with well 
marked bloom bands and always strongly noded. The varieties mature early 
and there are few shoots or bursting buds at nine months from planting, nrtaking 
the preparation of the cane formula easy. The basal portion of the stem is 
long, especially in the as, where there are a large number of short joints under 
1" in length. The average length of joints increases at first slowly and then 
rapidly with successive branchings, but there is little difference in thickness 
between the as and the 6s. This makes it an easy matter to separate the early 
and late formed canes at harvest, as represented by as+6s and cs+(?s respec- 
tively. In two varieties measured, it would seem that the os are actually thicker 
than the 6s and the figures are equal in a third variety. (Pis. XXIV and XXV, ) 









Formula and measurements in the Nargori 
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Smnahile Group, 

The Siinnabile group, although widely distributed over India, from the 
Punjab to Assam and Madras, and including canes of all degrees of thickness, 
is far more homogeneous than the Saretha, as has been fully discussed in Mem. 
III. But here, too, the geographical distribution appears to have left its mark 
on the branching system. Bansa from Western Bengal appears to be a more 
vigorous variety than the rest, and DJiaulu from the Punjab and Mojorah in 
Assam are also heavier tillerers than the other three examined. These latter are, 
as pointed out on page 111, Peninsula forms, Dhor from the Central Provinces, 
Sunmhile from Bombay and Nmnal from Madras. Nevertheless, the group, 
as a whole, is marked by rather sparse branching and a restricted formula, 
resembling Nargori and approaching the Thick cane group in this respect. 
The clumps arc close and upright and the leaf tips are usually erect. Runners 
are absent and there are usually many large, white, clawed buds in the dissec- 
tions. Curving is moderate and merely such as is necessary to bring the canes 
<lHickl 3 ^ into parallelism. The canes are soft and often white in colour. The 
plants are much affected by mealy bug on the farm, possibly due to the slowness 
of gro\rth and softness of the rind. The general appearance of the dissected 
clump is one of smoothness and regularity, as can be seen in the photographs, 
the canes being straight and regular and without any prominent nodes, in 
these respects resembling varieties of the Mungo group. There is leas difference 
than miual in the canes of difierent orders in all respects and it would be difficult 
to separate the early and late canes at harvest.^ (Pis. XXVI and XXVII.) 

^ For fuUoi details regarding the charJ^ctci’s of this group, see Mem. Ill, where the con* 
necting characters are tabulated and contrasted with those of the Saretha series. 
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Mungo Group, 

The Mungo group can at once be separated from the other indigenous 
canes of India by the dwarf, busby habit of its members. This varies, it is 
true, in the group itself and with the locality. Kuswar, for instance, sometimes 
grows to quite a respectable height, as at Shahjahanpur and at Puaa, while 
it is as short as the others at Coimbatore ; it is therefore somewhat difficult 
DO draw the line, from the habit alone, between the Mungo varieties and the 
taller transitional forms, Boii, Sanachi and possibly Dkaulu of Philhur 
which have been placed in the unclassifLed list. But, in comparison with some 
others, the group is remarkably homogeneous. In the six varieties selected 
at haphazard for dissection, Kkarwi shows itself to be somewhat different, 
in its branching and especially in the rate of cane-formation, from the rest, 
and Kaiara is between Kkarwi and the others in the latter respect. But, as a 
whole, the group is markedly late in maturing. It must however be especially 
emphasized that the diagrams of canes at harvest are not altogether comparable 
among the varieties themselves nor with those of other groups, and for the 
following reasons. The shortness of the joints often causes there to he a large 
number of buds on the set, and a correspondingly large number of individual 
plants in the clump, with a consequent abbreviation of the plant formulae. 
Thus, Hemja has fifteen plants in the three clumps, Rheora fourteen in three 
clumps, Katara fourteen in four clumps, Mungo and Kuswar ten in three 
clumps, while Kkarwi has only four plants in two clumps. In Hemja two clumps 
have seventeen plants between them (Plate XVI), while in Kmwar there is 
one clump with only a single plant growing (Plate XXVTII). Taking these 
facts into consideration, the typical plant formula of canes at harvest in this 
group is a very extended one, being, even as it is, on a par with those of the 
Saretha and Pansahi groups. 

In habit, the Mungo varieties assume the form of a low bush, with very 
short, tbickish canes, and a uniform mass of drooping leaves all round. The 
canes are white in the Cane-breeding Station, but in North India often assume 
delicate rosy tints. The form of the dissected mass of canes is a rounded cup 
or bowl (Plate XXVIII), and the individual canes are straight or slightly 
curved, uniform, short-jointed and without prominent nodes, in these respects 
somewhat reminding one of abbreviated Sunnabile canes. The limits of the 
growth rings are usually very inde^ite, there is a strongly marked, thin scar 
line, and the buds have blackened flanges. The leaves are rather narrow and 
the leaf sheaths long. These characters, together with the habit, make the 
group a very distinct one, and it is difficult to obtain connecting links between 



0. A. BARBEH 


143 


it and the other indigenous groups, except perhaps through the Bodi, SamcU 
and Dhavlu of PhUhur canes, with the Sunnabile series. Runners are not 
uncommon, and may be horizontal, ascending or vertical, according to need. 
In spite of the congested nature of the clump, curvature is not very strong, 
which fact we see reflected in the average length of the basal part of the qane in 
branches of higher orders, where it seldom reaches that in the main shoot. 
Variations in thickness and length of joint are also not great, which makes it 
diflficult to separate the early and late canes at harvest. (Pis. XXVIII-XXX.) 
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Average of varieties 



MUNGO GROUP. 


PLA rt XAVlil. 



Hemjc 1916 {9 months old ). Clump before dissection 
( cf. Plate XXIX and lower diagram on Plate XXX, ) 



Kuswar 1916 (9 months old). Clump with only one plant 
{cf. upper diagram on Plate XXX.', 





PLATE XX: 


Kwswar I9I6 OKMonrins old) 
One clump with only one plant 



Runners ic + jd 


H6KH|ft 1916 (9 months old) 

One clump with Four plants 



a+ib+5C+d A+ib+c a + jb*4c 

>C Runner ic Runner ic 

Diagrams of branching of plants pholographed in the two preceding plates. 
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Thick Cane Group. 

Tliis group? aa represented in the varieties dissected, is a heterogeneous 
ot, taken more or less at haphazard. Jam is a cane received from Mysore 
ind said to have been sent there from Samalkota, but the record is lost. Bed 
Uaiiritius is a somewhat hardy, freely tillering form, extensively grown all 
aver the Peninsula. It was first isolated as a good variety at Samalkota and 
came to that place from Bombay. Judging by specimens collected in various 
places in North India, it has probably been in the country for a considerable 
time, having, as its name implies, its origin in Mauritius. The Louisiana canes 
were received direct from America. Verdamukhi and Yerra are apparently 
thick canes which have been in Bengal and Madras respectively for a long time, 
probably for centuries, and belong to the doubtful forms elsewhere classed as 
“ half-thick canes (c/. p. 62) ; there is some doubt as to their ultimate origin 
and affinities. As pointed out on a previous page, we have not as yet a satis- 
factory classification of the thick canes. With this varied character in the 
components of the Thick cane class dissected, it is not surprising that Bed 
Mauritius and the Louisiana canes have a somewhat more extended formula 
than the others, but it is worth noting how little the difierence really is. The 
average formula of canes at harvest is shorter than in any class of Indian 
canes. 

The growth of the thick canes at the Cane-breeding Station is not very 
satisfactory, as this class of canes requires a much better soil, with more manure 
and water than the native canes. Cane formation is comparatively early, 
most likely partly because of the few canes developed per plant. There are a 
great number of bursting buds as well as of deaths, both in these and in older 
shoots. In spite of the small number of canes per clump, there is distinct 
curvature in the latter canes, probably due to the thickness of the canes, but 
this curvature is not so great as in the Pansahi and other groups. Dissections 
of Red Mauritius canes grown at Nellikuppam have been added separately, 
and show the possibilities of branching in this cane in well manured, free soil. 
The group formula at Coimbatore is la +26 + 10? and that at Nellikuppam, 
for Bed Mauritius alone la+36+3c+lf^. The basal part of the cane is longest 
in the os, and decreases somewhat regularly in the branches of higher orders, 
not being apparently interfered with by the curvature of the latter. The length 
of joint in the first two feet falls into line with that of the indigenous canes 
studied, being lowest in the as and increasing in successive orders of branches, 
and a similar increase is noticeable in the thickness of the canes at two feet from 
the base. 
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The Nellikuppam canes agree, generally, in these particulars, but the 
canes grown on the wet land, instead of increasing in thickness show a steady 
decrease. This is not at present explained, but must not be lost sight of in 
drawing conclusions. Separation of early and late canes in the clump should 
be fairly easy, but we have at present insufficient experience with this class 
of cane to make generalizations, and further observations are desirable. 

In 1916-17, several clumps of Thick cane ratoons were dissected, and a 
photograph and some drawings of these are reproduced. During 1917 18 
twelve clumps of Red Mauritius ratoon canes were dissected at Nellikuppam, 
half of these being in wet land and half in dry, as was the case with the twelve 
plant cane clumps examined there. A couple of diagrams of these ratoon 
dissections are added. The individual canes in these ratoons were treated 
in exactly the same manner as those of the plant cane clumps. Formulae and 
diagrams were constructed, the length of the basal part was measured in 
each cane, and the average length of the joints in the lowest two feet and the 
thickness at two feet from the base were recorded. {Pis. XXXI-XXXIII.) 

As the original set was in all cases still attached, we can thus obtain a very 
clear idea as to what takes place when a cane crop is cut and the stool allowed 
to grow on for another year. The analysis shows that the canes in these clumps 
had an average formula, in the first year, of a +36+20 per plant, and, in the 
second, of Ic+Sd+le. In both of these formulae w^e note that the plants in the 
ratooned series were less w^ell grown than in the plant canes dissected at the 
same time, where the formula w^as tt+36+3c+lt^, and in fact the formula 
for each year falls into close agreement with that obtained at the Cane-breeding 
Station. In the diagrams, a convention has been introduced, by which each 
cane cut in the first year is indicated by a heavy black dot at its end. It is 
interesting to note that all the buds on the first year’s canes have died, excepting 
such as grew out to form new canes in the second year. Instructive data aie 
given as to the relative growth and ratooning power of the wet and dry land 
canes, but perhaps it would be better to have a larger series of figures at 
disposal before drawing any conclusions. 



Red Mauritius Ratoon 1916 ■ c/ Plate XXXlIh, 20 







PLATE XXXIII. 


Red Mawritiws Ratoons 

Two rafoon plaKits af Coimbafore fzo monHis old) 



i Photo^t'aphed on Pla^e X.\XI 


Three planfs from orie clwmp, Nellihuppaim (2.5 monfhs old) 


fi'jjdi fj ft olA.C2did3Cid7, 






'f>96 • 7 A + J b - 1C 


j( 9 B 7 a + 1 o + c. 

3^7 ' 8 • • ■ 


at^t. 
g f 7 


Diagrams of the branching of Red Mauritius ratooneri plants at 
Coimbatore and Nellikuppam. 




Formula ani> meascremkhtss in the Thick cane croup. 

). Formulcs of canes^ shoots^ buds, deaths and runners. 
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TILLERING IN INDIAN SUGARCANES 




c. A. BARBER 


14:9 


Wild Saccharums. 

The wild Saccharums, grown on the Cane-breeding Station for several 
years, consist of various types of Saccharum spontamrmi, Sacckamm amndi- 
nmeum and Sacchurmn Mmja, and a single form of Saccharum Narenga. 
(PI. XXXIV.) The two latter have at various times been more or leas carefully 
studied and dissections made of their underground parts, but, as they do not 
form canes in the ordinary sense, we have been content, in the present Memoir, 
with reproducing the diagrams of a couple of clumps, from which their bushy^ 
grass-like habit may be inferred. (PI. XXXVIL) Some idea of their under- 
ground parts may be obtained from a study of the Plates in Hole’s Memoir 
referred to above. An interesting series of crosses have been raised between 
the local thick Vellai cane and Saccharum Narenga, which will doubtless well 
repay a detailed study (c/. Mem. No. II, Plates IXa to XI). 

(1) Saccharum arunduiaceum, Retz., is a very distinct form. It is typically 
at home in the inoister, eastern portions of the north of India and in parts 
of Burma, where it occurs wild and flowers freely. Elsewhere, although often 
planted and then growing well, it rarely flowers. In South India it is constantly 
planted around the gardens of betel pepper, and shows itself well adapted to 
heavy, water-logged soil. In spite of a diligent search during several years, 
only isolated cases have been met with w’hereit was in flower, and here the 
inflorescence was invariably diseased. It has not therefore been possible to 
obtain crosses with cultivated canes on the farm. 

The species is at once recognizable by its mass of tall, thick, cane-like stems, 
largely covered by the dead leaf sheaths, its broad curving leaves and the large, 
dense plumes of white or brownish dowsers. The canes have fairly long joints 
and are distinctly noded. These are peculiar in having only one row of root 
eyes. The leaves are also distinguished by a mass of long brown hairs extending 
up the base of the lamina on either side of the mid-rib. But these hairs vary 
ill different parts of the plant, and ultimately disappear in the upper leaves, 
which more resemble those of cultivated canes. Thase characters of leaf and 
joint have not been observed in any forms of SaccJuiru?n officimrim, which 
closely resembles Saccharum spontaneum in these and other respects. There 
13, of course, also the difference in the hairy vestiture of the flowers, which 
separates Saccharum arundinaceum, and puts Saccharum spontaneum and the 
cultivated canes into the same botanical section. 

The branching of Saccharmn arundimiceum is characterized all through 
by its symmetrical development. The canes are erect and parallel, often 



150 


tillering in INDIAN SUGAROANES 


however, bending outwards from tbe weight of their leafy tufts. There ia com> 
paratively little curvature, but the later shoots show this at their very base. 
The basal curved portion of later formed branches ia characterized by its 
immense thickness, and by being covered by a shaggy coat made up of leaf 
bases, flat, scale-like buds and dense masses of brown silky hairs. This 
thickened part of the cane is distinctively dorsi- ventral, and the two rows 
of buds are thrown on to the outer portion of the curve. There are no runners. 
The average length of the basal part in the five plants dissected is 2*9" in a. 
2 r in b and 2’4:',2’9'', 3-2'',in c, d, e, respectively, the small basal curvature 
thus having its full effect. The average length of the joint in tbe lowest two 
feet, and the thickness at two feet from the base, show continuous increases 
from a to the branches of higher orders (c/. PL I and Table appended), 

(2) S(kcdmum spontaneum. Three forms of this species, among those grown 
at the Cane-breeding Station, have been selected for dissection, namely, the 
ordinary thin, grass-like form found in waste places in all parts of India, the 
Dacca pond form, and the Javanese variety called Ghgak The latter appears 
to be more or less intermediate between the two others, and it may be surmised 
therefrom that the general climate in Java is moister than that of India. There 
were great variations in the growth of these forms in the dissection plots, but 
they were all three disappointing, especially at first. This may be caused by 
a a\ow eatVy lout \a more WkeVy due to the\T 

unaccustomed to being grown trom seta. They are capable, later on, of takin; 
good hold of the cultivated ground, and the Dacca spontaneum plants, bein; 
very poor at first, formed dense masses of stalks at nine months, when grow 
from sets, as parents in the seedling plots. This can be readily imagine 
after an inspection of the diagrams bn Plate XXXVI. 

In habit, Sa^harum spontaneum plants grown from seed vary a grei 
deal (see Plate XXI, Mem, II), the young seedlings sometimes lying fiat ( 
the ground, and at others growing erect and branching sparsely. The gener 
differences in appearance of the Indian varieties here discussed can be see. 
from an examination of Plates 1 and II of Mem. III. Differences in thicknea 
are seen to be marked in these Plates. Runners are present in all the forms 
those in tbe Dacca variety extending long distances in the mud, and, in 
tbe ordinary land form, appearing above ground at intervals somewhat 
widely separately from the parent stock. In the plots of seedlings raised from 
the different forma during the past year on the farm, there were great varia- 
tions in the width of the leaves, and an analysis showed an equal difference 
in the sucrose content of the juice. Selections have been made in both these 





PLATE XXXI 



Wild Saccharums. Fig. 1. SacchoTum spontaneum, common Indian form at Coimbatore. Fig 








PLATE XXXV. 


SaccharwKn sponfaneum i9n (*(i moKifhs old) 

Local Coimba^tore 
One clump with three plants . 


es CSdfedT CT C3 bZC6b^ B. <*2 bi oj'.C'. J'e 



64 a + sb+TC + 9d+4e + 2r 

K , ' R i/ /I o e 5 I b + 3 r + 2 d + I e 

..cf 


did3d-4cs biCAcacTolBeidfi bj cB^csbids dici CSbtca 



RwntiefS iC + l(d 


Diagrams of branching of Saccharum sponianeum, common Indian form, grown from a set. 




TLA It AAAV!, 


Saccharwm sponfanewm i9n dot moKifhs old) 

Dacca variety 
One clump with two plants 



ai+8b+22c + Std +5e 


ftMnners sb + A-c + sd + e 



Diagrams of branching of Saccharum sportiantum, Dacca pond form. A well grown 
clump grown, from a set, as parent in the seedling plots at Coimbatore, 




PLATE XXXVII 


Saccharui^ Munja 1917 (gmo.rhs 

One clump with Three plants 


old ) 


b3 C7 ‘^Sbiabsbik ba 




a + 5 b 


6 C ^ cJ 


Saccharwm Naren^a len 

One clump with three 


(j wonths old ) 
plant s 



D, 


'^arams of Saccharum Munja and S. Narenga grown from sets at Coimbatore. The branches 
with letters affixed had a small piece of hard cane at the base of each. 

The upper parts of the branches do not form cane. 
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directions for some years, in order to provide better material for crossing with 
thick canes. Already two such crosses have been distributed for trial on 
provincial farms. The cane formulae obtained by dissecting plants from 
six to nine months agree fairly well in the three forms, being very extended. 
The Dacca plant, at first very backward, became extremely luxuriant at nine 
months and had many more branches than the others, as can be seen from the 
figures in the Table. In appearance, these Dacca plants are much more like 
cultivated canes than” the other two varieties. The average length of the 
basal portions, the average length of joint for the first two feet, and the thickness 
at two feet from the base, show the regular variations met with in the cultivated 
canes ; but, individually, the plants were often irregular in these characters. 
There is, in Sacckarum spontaneum, nothing like the orderly development 
of the branches which characterizes Saccharum aruMinaceum. 
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Formula and measurements ik 
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Species formulae, Sacch. spontaneum, Matured canes 1 : 4 : 6 : 5 : 2 : 0 4 
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2 . Length of basal part, and- Ungfh and tkkL 
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MSS of joints^ in branches of different orders. 
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